Amendment and Response 
Serial No.: 09/062,113 
Page 2 of 3 

corresponding to any contiguous subset of the codons within the polynucleotide, such proteins 
having no function identified in the specification. Applicants traverse the rejection to these 
claims. 

Claims 33, 42 and 45 are directed to an isolated protein encoded by a polynucleotide 
comprising at least the entire sequence of SEQ. ID NOS: 83, 86 or 87. The proteins encoded by 
SEQ. ID NOS. 83, 86 and 87 correspond to OCIF-C195, OCIF-C225 and OCIF-C235, 
respectively. Accordingly, the claims read on proteins having function identified in the 
specification at least on page 71, table 14. Applicants submit that the rejection under § 1 12, first 
paragraph is improper and should be withdrawn. 

Rejection of Claims Under 35 U.S.C. $ 1 12. second paragraph 

Claims 33, 42 and 45 are rejected under 35 U.S.C. § 1 12, second paragraph. Applicants 
traverse the rejections to claims 33, 42 and 45. 

The Office Action asserts that by the use of the indefinite article, the intended claimed 
protein is unclear. Applicants believe that MPEP §2 173 .05(e) requires that terms in a claim have 
explicit antecedent basis. Applicants respectfully submit that amending independent claims 33, 
42 and 45 to recite a definite article, i.e., “ the isolated protein encoded bv. ” is improper claim 
construction because “the isolated protein” has no antecedent basis. 

Applicants respectfully submit that under 35 U.S.C. §112, second paragraph, the scope of 
the claims must be clear to a hypothetical person possessing the ordinary level of skill in the 
pertinent art. MPEP §2171. For the reasons given above, claims 33, 42 and 45 particularly point 
out and distinctly claim the subject matter which Applicants regard as their invention. The 
hypothetical person skilled in the art would recognize that SEQ. ID NOS. 83, 86 or 87 encode 
OCIF-C 195, OCIF-C225 and OCIF-C235, respectively. 

Substitute Specification 

In the Office Action, the Examiner requested a substitute specification excluding claims 
pursuant to 37 C.F.R. § 1.125(a). Accordingly, Applicants submit herewith a substitute 
specification under 37 C.F.R. § 1.125(a) reflecting the amendments presented in the Preliminary 
Amendment filed April 17, 1998. The substitute specification, as set forth under §1.1 25(b), only 
contains subject matter from the original specification and is accompanied by 1) a statement that 
the substitute specification contains no new matter, and 2) a marked-up copy showing the 
amendments to be made via the substitute specification relative to the specification at the time 
the original specification was filed. The substitute specification corresponds to pages 1-86 and 
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page 91 of the specification as originally filed and is exclusive of claims, drawings and sequence 
listing of the originally-filed specification. 

In compliance with the Examiner’s request in the Office Action mailed August 6, 2001, 
the amendments to the specification that were requested by the Examiner in the previous Office 
Action mailed June 14, 2000, regarding the Abstract, Brief Description of the Drawing and 
sequence compliance under 37 C.F.R. §1.821 - 1.1.825, are set forth in the enclosed substitute 
specification. 

CONCLUSION 

Applicants respectfully urge, in view of the foregoing amendments and remarks, that all 
claims are in condition for allowance. Accordingly, Applicants respectfully request 
reconsideration of the claims and prompt and favorable action in the application. If the Examiner 
believes a telephone conference with the undersigned agent would be helpful in expediting 
prosecution of this application, he is urged to call the undersigned at (617) 248-7044. 


Respectfully submitted, 


Date: November 6, 2001 
Reg. No. 44,244 


Tel. No. (617) 248-7044 
Fax: (617) 248-7100 


JhlJh • 

Ronda P. Moore, D.VrM. 

Attorney for Applicants 

Testa, Hurwitz, & Thibeault, LLP 

High Street Tower 

125 High Street 

Boston, Massachusetts 02110 
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SPECIFICATION 

NOVEL PROTEINS AND METHODS FOR PRODUCING THE PROTEINS 
Field of the invention 

F This invention relates to a novel protein, osteoclastogenesis inhibitory 

factor (OCIF), and methods for producing the protein. 


Background of the invention 

Human bones are always remodelling by the Repeated process of resorption 

and reconstitution, [in the process, osteoblast^ ancfosteoclasts are considered 

to be the cells mainly responsible for bone formation and bone resorption, 

respectively. A typical example of^disease caused by [the progression of) 

abnormal bone metabolism is osteoporosis. \ The diseaselis known to [be provoked I" 
r . 

[by the condition in whicljJ bone resorption by osteoclasts exceeds bone 

formation by osteoblasts, but the mechanism of osteoporosis has not yet been 

completely elucidated. Osteoporosis causes'* pain [in the bone] and makes /the bone - 4 
■ fr'dtit leading fz PtvxAx u<c , P& s-t-icu <<xr/ ✓ in & Uesl^r *"■ ~ J ' 

^ [fragile, leading to fracture. Since osteoporosis increases the number of] ' 


fCSu 


H 




old people, it. has[ become a social issue with the increasing number 
*— t ddcs/y in -the poP^iu-iw ri- efftti-Dtt 


[ bedridden 

*d<kd. 

offpld) peopled Therefore, [efficaciousTJdrugs for the treatment of the disease 

are expected to be developed. Bone mass reduction caused by[the]abnormal bone 

metabolism is thought to be prevented by inhibiting bone resorption, improving 

iakfiCe. c£_bonc 

bone formation, or improving the|[balancedJmetabolism. 

Bone formation is [[expected to be} promoted by stimulating growth, 


a cz£c rfcdty 
ed 

[jtcTJstimulate growth or[[differentation]of osteoblasts , i. e. fibroblast growth 


S 1 

differentiation, or activation of osteoblasts. Many cytokines[are reported - ] 

a At( fereni to. ±io Q_ " J 
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factor (FGF) (Rodan S.B. et al. , Endocrinology vol. 121, pl9l7, 1987), 
insulin-like growth factor-I (IGF-I) (Hock J. M. et al. , Endocrinology vol. 
122, p254, 1988), insulin-like growth factor-II (IGF— I I) (McCarthy T. et al.. 
Endocrinology vol. 124, p301, 1989), Activin A (Centrella M. et al. .^Mol, Cell7[ 
Biol. vol. 11, p250, 1991), Vasculotropin (Varonique M^et al. , Biochem. 

Biophys. Res. Coraraun. vol. 199, p380, 1994), and bone morphogenetic protein 
(BMP) (Yaraaguchi, A. et al. , J. Cell Biol. vol. 113, p682, 1991, Sampath T. K. 
et al., J. Biol. Chera. vol. 267, p20532, 1992, and Knutsen R. et al. , Biochem. 


MtlCelL, 


Biophys. Res. Comraun. vol. 194, pl352, {19937}* 


' 552 )/ 




On the other hand, cytokines which (Inhibits! differentiation and/or 
maturation of osteoclasts[ have been paid attention and have} been intensively 
studied. Transforming growth factor- 0 (Chenu C. et al. , Proc. Natl. Acad. 

Sci. USA, vol. 85, p5683, 1988) and interleukin-4 (Kasano K. et al. , 

Bone-Miner., vol. 21, pl79, 1993) fare found to\ inhibit the differentiation of , _ 
osteoclasts. Calcitonin (Bone-Miner., vol. 17, p347, 1992), [Macrophage] 

colony-stimulating factor (Hattersley G. et al. J. Cell. Physiol, vol. 137, 
pl99, 1988), interleukin-4 (Watanabe, K. et al. , Biochem. Biophys. Res. 

Commun. vol. 172, pl035, 1990), and interferon- y (Gowen M. et al. , J. Bone 
Miner. Res., vol. 1, p469, 1986) [are found tcT] inhibit bone resorption by 

osteoclasts. s-ffcci'i v ^ 

Ar " _r 

These cytokines are expected to be[ef f icaciousj drugs for improving bone 

mass reduction by stimulating bone formation and/or by inhibiting bone 

A i gsajjrtJ 1 Ke 

resorption. (The cytokinesT such as [insulin like] growth factor-I and bone 
morphogenetic proteins {are now] investigated in clinical trials for their 
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[effects in treatment of] patients with bone diseases. Calcitonin is already 

* jobrtgt . • . 

used [as a drug to care} osteoporosis and to diminish pain in osteoporosis* f& r,en -. 

Examples of drugs now clinically utilized for the treatment of bone 

diseases and for shortening the treatment period are dihydroxyvitamine D 3 , 

vitamin K 2 , calcitonin and its derivatives, hormones such as estradiol, 

. prcpa.ra.+ioirS . 

ipriflavon, and calcium[preparations 'Tj However, these drugs do not provide 
satisfactory therapeutic effects, and novel drug substances[have been] expected 

a A Ava A >pg^ r 

to be developed. [As mentioned^] bone metabolism is {controlled] in the balance 
between bone resorption and bone (formation. Therefor^] cytokines which inhibit 
osteoclast differentiation and/or maturation are expected to be developed as 
drugs for the treatment of bone diseases such as osteoporosis. 


[Disclosure] of Invention 


This invention was initiated from the view point described above. The^ 

purpose of this invention is to offer both a novel factor, termed 
osteoclastogenesis inhibitory factor (OCIF), and a procedure to produce the 


factor efficiently. 

The inventors have intensively searched for osteoclastogenesis inhibitory 
factors in human embryonic fibloblast IMR-90 (ATCC CCL186) conditioned medium 
and have found a novel osteoclastogenesis inhibitory factor (OCIF) which 
inhibits differentiation and/or maturation of osteoclasts. 


The inventors have established a method for accumulating the protein to 
a high concentration by culturing IMR-90 cel ls^usingj alumina ceramic pieces , Ulfach " /OC ^ /cr ' 
as (the} cell adherence matrices. 
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The inventors have also established an efficient method for isolating the 


protein, OCIF, from the IMR-90 conditioned medium using the following 

* Cknr^ai'ojr’Ap by - 

sequential column [chromatography^ ion-exchange, heparin affinity, 


cibacron-blue affinity, and reverse phase. 


(the inventors, based on\the amino acid sequence of the purified natural 
„ OCTF, a. coding tW>6 pra-tein SuCC^fvl^ cloned. 

(OCIF, successfully cloned a cDNA encoding this protein. The inventor£] 

A 4 prfece ju-rg. protean <3.lso ggta4-,l, ;>Wtrd - 

[[established also a procedure to produce this protein which inhibit£) 

[differentiation of osteoclasts.") [This! invention concerns a protein which is 

.4* ,<SL$h±M 

produced by human lung fibroblast cells, [hasj molecular [weights in| SDS-PAGE of 


a&S- 


i uAdtf 


x OA<i 


, „ . .m „ u 

(60 KD^jin the^ reducing conditions and (120 KDj under (the^non-reducing conditions/ 

r 

has affinity for both cation-exchange resins andiheparin, reduces its activxtyj 

. , bjgdo sejubesr 

^Eoinhibit differentiation and maturation of osteoclasts (if} treated for 10 

A jH ctb' jj 

minutes at 70 or for 30 minutes at 56 °C, and^tose its activity to inhibit 

4 io li>5 \-rftZx C-<L 

differentiation and maturation of osteoclasts (by the treatment! for 10 minutes 

a OCXf p rthtn ct 

at 90 °C. The amino acid sequence of the (protein OCIF which is described ini . 

U A c-Hvr 

the present invention is clearly different from any [of know factors inhibiting} 
formation of osteoclasts. 

A ftr p«/ity A ^/nprjSi nj . 

The invention includes a method (to purif£)0CIF protein, (comprising f] (1) 
culturing human fibroblasts, (2) applying the conditioned medium to a heparin 
column to obtain the adsorbed fraction, (3) purifying the OCIF protein using 
a cation-exchange column, (4) purifying the OCIF protein using a heparin 
affinity column, (5) purifying the OCIF protein using a cibacron blue 

A* 


affinity column, Z (6) isolating the OCIF protein using reverse-phase column 
chromatography. Cibacron blue F3GA coupled to a carrier made of synthetic 
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^hydrophilic polymers is an example of materials used to prepare Cibacron bluej 

a Cofcvnn5 

(columns,] These columns are conventionally called 'blue £olomn5|'. 

A j>r#4uci * fu a ,7> 

The invention includes a method for ^accumulating thj| OCIF protein (to a] A 
high concentration by culturing human fibroblasts using alumina ceramic pieces 
as the cell-adherence matrices. 

Moreover, the inventors determined the amino acid sequences of (the] 

peptides derived from OCIF, designed the primers based on these amino acid 

sequences, and obtained cDNA fragments encoding OCIF from a cDNA library of 

IMR-90 cells a~ Qk ikll 0CXf cWA ^ cod> ^ C C '°^ ^ . 

a 1>KJA the OCTF_dNA.^J«±ri^ 

or Knrt Crcl I re^'io^ ,s irvTo a.n yf cfor . Rcc 0( nbj o AC T F CO.* 

pn><*uce<l tc>f- c'fcA/A ) ccwlflAir" -tV,e fcn-VvVg. ^ r c »y mAfTinvl lg - A 

Detailed description of the invention — — - 0,r ko dorKv. ^See Sheei 5~4 (mWJ^cv. 

The OCIF protein of the present invention can be isolated from human 

fibroblast conditioned medium with high yield. The procedure to isolate OCIF 

is based on ordinary techniques for purifying proteins from, biomaterials, in 

accordance with the physical and chemical properties of OCIF protein. For 

„ prccednrf.s inclo-d £ 

example, concentratingf procedure includes] ordinary biochemical techniques such 

L . ly»pM'.7/iTitfrv . procelart^ include 

as ultrafiltration, ^lyophylizatior^ and dialysis. Purifying ^procedure includes] 

combinations of several chromatographic techniques for purifying proteins such 

as ion-exchange column chromatography, affinity column chromatography, gel ■ 

filtration column chromatography, hydrophobic column chromatography, reverse 

phase column chromatography, and preparative gel electrophoresis. The human a 
A - f, Wbblos-tS usfcJ W PcMor-Bon *£ Q C TPp^te'.o ^rcpr<4<vza,\y TM R-ift C< lfs - 

^fibroblast used for production of the OCIF protein is preferably IMR-90. A] 
method for producing [the] IMR-90 conditioned medium is preferably a process 
comprising, adhering human embryonic fibroblast IMR-90 cells to alumina 
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ceramic pieces in roller-bottle^ usingj DMEM medium supplemented with 5 % new 
born calf serum [for the cell culture] and cultivating the cells in 
roller-bottles for 7 to 10 days by stand cultivation. CHAPS (3-[(3-cholamid 
opropyl) -dimethylammonio] -1-propanesulfonate) is[prefarablyj added to the buffer 
as a detergent in the [purification steps of OCIF protein^* g ftrbe-m purf^'cafio j j 


A okrta^nej inVha I 1 y 

^Ib?0CIF protein of the instant invention can be (initially obtained] as a 
^ banjo hc-0a.fi ft binding 

[heparin binding basic] OCIF fraction by applying the culture medium to a 

heparin column (Heparin-Sepharose CL-6B, Pharmacia), fluting with 10 mM Tris-HCl 

buffer, pH 7.5, containing 2 M NaCl, and [then by\ applying the OCIF fraction 

W)*- 

to a Q • anion-exchange column (HiLoad-Q/FF, Pharmacia), and collecting' non- 

adsorbed fraction. OCIF protein can be purified by subjecting the obtained 

OCIF fraction to purification on a S • cation-exchange column (HiLoad-S/FF, 

a. 

Pharmacia^, a heparin column (Heparin-5PW, TOSOH) Cibacrone Blue column 
(Blue-5PW, TOSOH), and a reverse-phase column (BU-300 C4, Perkin (Elmer) and ] * 
^the material is defined by the previously described properties.^] 


tinner ). 


The present invention relates to a method of cloning cDNA encoding the _ 

a Pie-th cd ipr 

OCIF protein based on the amino acid sequence of natural OCIF and a [method ofj 
obtaining recombinant OCIF [protein that inhibits differentiation and/or] A — * 

maturation of osteoclasts]] The OCIF protein is purified according to the 
method described in the present invention and is treated with endopeptidase 
(for example, lysylendopeptidase). The amino acid sequences of the peptides 
produced by the digestion are determined and the mixture of oligonucleotides 
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that can encode each internal amino acid seouencegas synthesized} The OCIF 
cDNA fragment is obtained by PCR (preferably RT-PCR, reverse transcriptase PCR) 
using the oligonucleotide mixtures described above as primers. The full length 
OCIF cDNA encoding the OCIF protein is cloned from a cDNA library using[the3 
gobtjLjOCIF DNA fragment as a probe. The OCIF cDNA — ng^tbe + entire 
coding region is inserted into an expression vector. (The rec^^^IF can 
be produced by expressing the OCIF cDNA, containing the entire coding region^ 

in mammalian cells or bacteria. 

/ 

1 toe tr> the novel proteins 0CIF2, 0CIF3, 0CIF4, 
The present invention relates to the novel prob 

and 0CIF5 that are variants of OCIF and have the activity described above. 

These OCIF variants are obtained from the cDNA library constructed 

poly (A) ♦ RNA (by hybridization using the OCIF cDNA fragment as a'probe. Each 

of the OCIF variant cDNAs containing the entire coding reglonjs inserte 

an expression vector. Each recombinant OCIF variant* can be produced by 

expressing each of the OCIF variant cDNAs, containing the entire^coding region^ 

in (thej conventional hosts. Each recombinant OCIF variant'ean be purified 

according to the method described in this invention. Each recombinant OCIF 

Ptotiur> At£. 

variant A has (an] ability to inhibit osteoclastogenesis. 


The present invention further includes OCIF mutants. They are 

substitution mutants comprising^placement^one^ste^ne residue, possibly 

involved in dimertformauoiflil deletion mutants 

. ixxtinnc are introduced into the OCIF cDNA using 
rrf OCIF. Substitutions or deletions are int 
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polymerase chain reaction (PCR) or(byJrestriction enzyme digestion. Each of 
these mutated OCIF cDNAs is inserted into a vectorfcontainingl an appropriate 
promoter for gene expression. The resultant expression vector for each of the 
OCIF mutants is transfected into eukaryotic cells such as mammalian 
cells. Each of OCIF mutants can be obtained and purified from the conditioned 
media of the transfected cells. 

The present invention provides polyclonal antibodies and a method to 
quantitatively determine OCIF concentration using these polyclonal antibodies. 

[As antigens (immunogens), natural/ OCIF obtained from IMR-90 conditioned 
medium, recombinant OCIF produced by such hosts as microorganisms and 
eukaryotes using OCIF cDNA, synthetic peptides [designed] based on the amino 

acid sequence of OCIF, or peptides obtained from OCIF by partial digestion can 

A used 4^5 s- 

be(used7J Anti-OCIF polyclonal antibodies are obtained by immunizing appropriate 
mammals with the antigens, in combination with adjuvants [for immunization] if 
necessary, [purifying from the serum by thej ordinary purification methods. [jheJ 


radio is 


janti-OClFj polyclonal antibodies which are labelled with [rasioisotopesjor enzymes 

A sysi or gfli-yirn;— ify>o>ooo< i ssa > /^ 

can be used in radio-immunoassay (RIA) [system or immunoassay (EIA) system]] 

[By using] these assay systems, the [concentrations] of OCIF in biological 

t/o cch 

materials such as [blood and] ascites and [cells-cultur^ medium can be easily 
determined. 


(jhe antibodies in the present invention can be used in radio immunoassa/J 
QrIA) or enzyme immunoassay (EIA). By using these assay .systems, thej 
[^concentration of OCIF in biological materials such as blood and ascites canj 
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be easily determined 


■J 


The present invention provides novel monoclonal antibodies and a method 

AA<rjv*\ 

[ Jtoj quantitatively determine] OCIF concentration using these monoclonal 
antibodies. 

Anti-OCIF monoclonal antibodies can be produced by [the] conventional 
A methods, u 

£metho<Qusing OCIF as an antigen. Native OCIF obtained from the culture medium 

of IMR-90 cells and recombinant OCIF produced by such hosts as microorganisms 

and eukaryotes fusing! OCIF cDNA can be used as antigens. Alternatively, 

. Sfnihcdic ptp-hdes 

^synthesized peptides designed} based on the amino acid sequence of OCIF and 
peptides obtained from OCIF by partial digestion can be also used as antigens. 

1 fnamr^a U su-ch_os guct /u. guts 

Immunized lymphocytes obtained by [immunization of mammal sj with the antigen or 

a /Mfvmal >ah myeloma ( f- {[ 3 


by an in vitro immunization method were fused with [myeloma of mammals] to 
* hybridcriW^ a antf_ 

obtain [hybridomaTJ The hybridoma clones secretingfantibody] which [recognizes) A 
. a QCJ F ge£t ouW Cu->4u-rc.j jti obldio -yVie ots'iFVd an-KbtxAif £• 

fOCIF were selected from the hybridomas obtained by the cell fusion. Th£] 

[desired antibodies can be obtained by cell culture of the selected hybridoma^] 

^clones. In preparation of hybridoma, small animals such as mice or rats are"! 

A ffrr lOMOun iTa-Fico-S, 0Cj -F is Wi 

| generally used for immunization. To immunize, OCIF is suitably diluted witlT] 
a saline solution (0. 15 M NaCl), and is intravenously or intraperitoneally 
administered with an adjuvant to animals/forj2 -5 times every 2 -20 days. The 

J tt£ 

immunized animal was killed three days after 4 final immunization, the spleen 

wasf taken out] and the splenocytes were used as immunized B lymphocytes. 

U usefuA 

Mouse myeloma cell lines^for cell fusion with jthelimmunized B lymphocytes 


include, for example, p3/x63~Ag8, p3~Ul, NS-1, MPC-11, SP-2/0, F0, p3x63 
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S ' q * UtL CC// l‘ ne gVjg b± UjeJ. Alternately 

# l^phoC^±Zs 

(^Ag8. 653, and S194. Rat R-210 cell line may also be used. Human B lymphocyt e£j 
\arej immunized by an in vitro immunization method [and] are fused with human 

a cell! 

myeloma[cell line] or EB virus transformed human B lymphocytes (which are usecQ 

,, - ht pnadu.ee. btxmaui 4yPe. <5Lr\ti bodice ■ 

fas a parent cell line for cell fusion, to produce human type antibody^] 

, gg/fr 

Cell fusion of (the] immunized B lymphocytes and myeloma (cell line) is 

carried out principally by (thejconventional methods. For example, the method 

.. a vied- Alf zrhAJ-i vely . 

of Koehler G. et al. (Nature 256. 495-497, 1975) is generally (used, and also] ' 

an electric pulse method can be (applied to cell fusion^] The immunized B 

lymphocytes and transformed B cells are mixed at Conventional ratios and a 

cell culture medium without FBS containing polyethylene glycol is generally 
a USiJ -fp U-if vgdiLi ~77)C fvsjjns pncluxAs^ 4CJ, 

(used for cell fusion. The B lymphocytes fused with myeloma cell lines are] 

cultured in HAT selection medium containing FBS to select (hybridoma."] * hybrid o/na*. 

.An £TA, phfuc 


("For screening of hybridoma producing anti^-OCIF antibody, EIA, plaque] 

"" ' Mtocw* 


i Used +o screen -ftr jvyk,-, cTpVrxS 

assay, Ouchterlony, or agglutination assay can be (principally used! (Among! 

A SrA ic> «- simple assay u>h \cM is -topfHar 1 

(them, EIA is simple and easy to operate] with sufficient accuracy and is 
y A - Hi trC 1 1 % U£f.d‘ The <ies*rcA f. V>cd y c^r> be 

^generally used. By EIA using purified OCIF, the desired antibody can be'J 

a i /oV?4 £SA &nd pu£> f ‘Cd 


ocjrr. 


a — r — — a — I 

selected easily and accurately^ Thus obtained hybridoma] can be cultured by (the] - - — - dcrr>ft ~ 

A Aj^hixiS. J 6 ifa ( n<d the 

conventional (method] of cell culture and frozen for stock if necessary. The 

a cejj£ V£U2J. 

antibody can be produced by culturing hybridoma (using the] ordinary cell 

a fl)£-^hccfs CtHs ^ jnjv hv^ 

culture(jnethod\ or by transplanting hybridoma' 1 intraperitoneally (to] animals. 

The antibody can be purified by (the] ordinary purification methods such as salt 

precipitation, gel filtration, and affinity chromatography. The ("obtained”] 

pb^Unid I /. • 

antibody^ specifically reacts with OCIF and can be used J for determination of — r 

a Pun i f y OGJ'P pni<^7> • 

OCIF concentration and for purification or OCIF" The antibodies of the 

' A- 1 
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present invention recognize epitopes of OCIF and have high affinity £toJ 

OCIF. Therefore, they can be used for the construction of EIA. {jjy (using)]] 

* tfo assay IS Ht-fu-l (tr r\ ‘rtq 

jjdiis assay system?] the concentration of OCIF in biological materials such as 

j^blood and ascites can be easily determined?]* l>A>ec/ Ajn J_ £S£i+e£. 

, Tk fr.-se.i-f is^olion ^ 

flhe agents used for treating bone diseases that contain OCIF as an~7 
a wtjrcdid.n't , fharh use£u / -fotj ^ one . “ 

effective jTngredient are provided by the present invention?] Rats were 

ifcL 

subjected to denervation of* left forelimb. Test compounds were administered 

£ 

daily after surgery for 14 days. After 2 weeks* tr6atment, the animals were 
sacrificed and their forelimbs were dissected. Thereafter bones were tested 
for mechanical strength by* three point bending method. OCIF improved 
mechanical strength of bone in a dose dependent manner. 

The OCIF protein of the invention is useful as a pharmaceutical 

„ /fifj rvid ien bor><g 

^ingredients] for treating or improving decreased bone mass in* such as 
osteoporosis, jjjone diseases such as] rheumatism, osteoarthritis, and abnormal 
bone metabolism in multiple myeloma. (Thel OCIF protein is also useful as an 

• ■ J/> ^ bone 




in jjj L. 


antigenlto establish] immunological diagnosis of (thej[diseases. Pharmaceutical , 
preparations containing (the] OCIF protein as an active (ingredients] are 
formulated and can be orally or parenterally administered. The preparation 
contains the OCIF protein of the present invention as an (efficacious]] 
ingredient and is safely administered tojjiuman^and animals. Examples of^the^ 
pharmaceutical preparations include compositions for injection or intravenous 
drip, suppositories, nasal preparations, sublingual preparations, and tapes 
for percutaneous absorption. The pharmaceutical preparation for injection can 
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be prepared by mixing(the\pharmacologically (efficacious] amount of OCIF protein 
3=. a C&rricr- 

and A pharmaceutically acceptable (carriers!} The carriers are vehicles and/or 

activators, e. g. amino acids, saccharides, cellulose derivatives, and other 

organic and inorganic compounds, which are generally added to active 

ingredients. When the OCIF protein is mixed with the vehicles and/or 
y, * fir \if^ec-hor> , pH Q-d ( I i -z. c-r 5 ,, 

activators to prepare injections, pH adjuster, buffer, stabilizerT) 

v cn-H o\a.\ xricA\\o<k s 

solubilizing agent, etc. can be added? if necessary. 


Brief description of the figures / 

Figure 1 shows the elution pattern of crude OCIF protein (Hiload-Q/FF pass- 
through fraction ; sample 3) from a Hiload-S/HP column. 

Figure 2 shows the elution pattern of crude OCIF protein (heparin-5PW fraction 
; sample 5) from a blue-5PW column. 

Figure 3 shows the elution pattern of OCIF protein (blue-5PW fraction 49 to 
50) from a reverse-phase column. 

Figure 4 shows the SDS-PAGE of isolated OCIF proteins under reducing conditions 


or non-reducing conditions. 

Description of the lanes, 
lane 1, 4 ; molecular weight marker proteins 
lane 2,5 ; OCIF protein of peak 6 in figure 3 
lane 3, 6 ; OCIF protein of peak 7 in figure 3 
Figure 5 shows the elution pattern of peptides obtained by the digestion of 
pyridyl ethylated OCIF protein digested with lysylendopeptidase, on a 
reverse-phase column. \ 
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(^Figure 6 shows the SDS-PAGE of isolate'd natural (n) OCIF protein and 
recombinant (r) OCIF proteins under non-reducing conditions. rOCIF(E) and 
rOCIF(C) were produced in 293/EBNA cells and in CHO cells, respectively. 
Description of the lanes, 
lane 1 ; molecular weight marker proteins 
lane 2 l a monomer type nOCIF protein 
lane 3 ; a dimer type nOCIF protein 
lane 4 ; a monomer type rOCIF(E) protein 
lane 5 ; a dimer type rOCIF(E) protein / 

lane 6 ; a monomer type rOCIF(C) protein 
lane 7 ; a dimer type rOCIF(C) protein 
Figure 7 shows the SDS-PAGE of isolated natural (n) OCIF proteins and 
recombinant (r) OCIF proteins under reducing conditions. rOCIF(E) and rOCIF(C) 
were produced in 293/EBNA cells and in CHO cells, respectively. 

Description of the lanes, 
lane 8 ; molecular weight marker proteins 
lane 9 ; a monomer type nOCIF protein 
lane 10 , a dimer type nOCIF protein 
lane 11 ; a monomer type rOCIF(E) protein 
lane 12 , a dimer type rOCIF(E) protein 
lane 13 ; a monomer type rOCIF(C) protein 
lane 14 ; a dimer type rOCIF(C) protein 


Figure 8 shows the SDS-PAGE of isolated natural (n) OCIF proteins and 
recombinant (r) OCIF proteins from which N-linked sugar chains were removed 
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jjjnder reducing conditions. rOCIF(E) and rOCIF(C) are rOCIF protein produced 

in 293/EBNA cells and. in CHO cells, respectively. 

Description of the lanes, 

lane 15 ; molecular weight marker proteins 

lane 16 , a monomer type nOCIF protein 

lane 17 ; a dimer type nOCIF protein 

lane 18 ; a monomer type rOCIF (E) protein 

lane 19 ; a dimer type rOCIF (E) protein 

lane 20 ; a monomer type rOCIF(C) protein / 

lane 21 ; a dimer type rOCIF(C) protein 

Figure 9 shows comparison of amino acid sequences between JOCIFpind OCIF 

Figure 10 shows comparison of amino acid sequences between (OC flV^a nd* 0C I F& ^ ^ 

D . , , , _ 

bigure 11 shows comparison of amino acid sequences between 

^ OCEF W&X) V / 

igure 12 shows comparison of amino acid sequences between jpCI^Aand 0CIF5. 
Figure 13 shows standard curve for determination of OCIF protein concentratio* 
by an EIA employing anti-OCIF polyclonal antibodies. 

Figure 14 shows standard curve for determination of OCIF protein concentration 
by an EIA employing anti-OCIF monoclonal antibodies. 

Figure 15 shows the effect of rOCIF protein on osteoporosisTj 

Best Mode for Carrying Out the Invention 


is 


The present invention will be further explained by the following 

-f+ \erefo. 


examples, ^however^ the scope of the invention is not restricted^ th£j^ 
^examples.^J 
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EXAMPLE 1 


Preparation of a conditioned medium of human fibroblast IMR-90 

Human fetal lung fibroblast IMR - 90 (ATCC-CCL186) cells were cultured on 

alumina ceramic pieces (80 g) (alumina: 99.5%, manufactured by Toshiba Ceramic 

K. K. ) in DMEM medium (manufactured by Gibco BRL Co.) supplemented with 5% CS 

/. /jl- 

and lOmM HEPES buffer (500 ml/roller bottle) at 37t[underJ the presence of 5% 
C0 2 for 7 to 10 days using 60 roller bottles (490 cm 2 , 110 x 171mm, 
manufactured by [foning)Co. ) in static culture. The conditioned medium was 
. harvestecjry and a fresh medium was added to the roller bottles. About 30L of 
IMR-90 conditioned medium per batch culture was obtained. The conditioned 
medium was designated as sample 1. 


EXAMPLE 2 

Assay method for osteoclast development inhibitory activity 

Osteoclast development inhibitory activity was assayed by measuring 

tartrate-resistant acid phosphatase (TRAP) activity according to the methods 

of M. Kumegawa et. al (Protein • Nucleic Acid • Enzyme, vol. 34 p999, 1989) and 
a efd J j. 

N. Takahashi Jet. al^ (Endocrynology, vol. 122, pl373, 1988 ) with modifications. 

Briefly, bone marrow cells obtained from"' 17 day-old mouse were suspended 

a fa 

in a -MEM (manufactured by GIBCO BRL Co.) containing 10% FBS, f2xlO' 8 M~7 of 

* P* s «- m P l£ - U 4 

activated vitaminjp 3 , and eacTT test sampled] and were inoculated [to] e"acFf"well 

of *96-well plate at a cell density of 3x10 s cells/0.2 ml/well. The plates were 

A r^a d. 

incubated for 7 days at 37°C in humidified 5%C0 2 . Cultures were [further] 
[continuecTjby replacing 0. 16 ml of old medium with the same volume of fresh 
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^ \ va^noo A 

medium on day 3 and day 5 after {starting cultivation! On day 7, ^fter washing'! 

(the plates] with phosphate buffered saline, * cells were fixed with 

A ' fen»pere-4v.re. Qs+fcocla^^~ 

ethanol/acetone (1 : 1) for 1 min. at room ^temperature, and then osteoclast] . 

a *£d£t— 

development was tested by determining (rorjphosphatase activity using a kit 

(Acid Phosphatase, Leucocyte, Catalog No. 387-A, manufactured by Sigma 
A A decr^ass iry-fU*’ nujnl^ 1 ' 

Co.). ^The decrease] of TRAP positive cells was taken as an indication of OCIF 
activity. 


EXAMPLE 3 

Purification of OCIF 

i) Heparin Sepharose CL-6B column chromatography r , ■ _ 

„ TlJTe££j 

]^The]90L of IMR-90 conditioned medium (sample 1) was ^filtrated withj 0. 22 

li membrane filter (hydrophilic Milidisk, 2000 cm 2 , Milipore Co.), and was 
3t> /r -fen 

divided into three* portions. Each portion K30 1)J was applied to a heparin 
Sepharose CL-6B column (5 x 4. 1 cm, Pharmacia Co.) equilibrated with lOmM 
Tris-HCl containing 0. 3M NaCl, pH 7.5. After washing the column with lOmM 

£fe£- 

Tris-HCl, pH 7.5 at a flow rate of 500 ml/hr. , /» heparin Sepharose CL-6B 
adsorbent protein fraction was eluted with lOmM Tris-HCl, pH 7. 5, containing 
2M NaCl. The fraction was designated {asjsample 2. 


ii) HiLoad-Q/FF column chromatography 

The heparin Sepharose-adsorbent fraction (sample 2) was dialyzed against 
lOmM Tris-HCl, pH 7.5, supplemented with CHAPS to a final concentration of 
0. 1%, incubated at 4 °C overnighl^] and divided into two portions. Each 
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portion was then applied to an anion-exchange column (HiLoad-Q/FF, 2. 6 x 10 
cm, Pharmacia Co.) which was equilibrated with 50mM Tris-HCl, 0.1% CHAPS, pH 
7.5 to obtain a non-adsorbent fraction (1000 ml). The fraction was designated 
[asj sample 3. 


iii) HiLoad-S/HP column chromatography 

The HiLoad-Q non-adsorbent fraction (sample 3) was applied to a 
cation-exchange column (HiLoad-S/HP, 2. 6 x 10 cm, Pharmacia Co.) which was 

I 

equilibrated with 50 mM Tris-HCl, 0.1% CHAPS, pH / 7. 5. After washing the 

column with 50 mM Tris-HCl, 0.1% CHAPS, pH 7.5, the adsorbed protein was 

eluted with*linear gradient from 0 to 1 M NaCl at a flow rate of 8 ml/min for 

a B re<_^ 

100 min. and fractions (12 ml) were collected. (jiachJ ten fractions from [number]'' 
A uece. pool 

1 to 40[was pooled^ to form one portion. [Each] 100 n 1 A of the four portions was 

tested for 0CIF activity. 0CIF activity was observed in fractions Tfronil 11 to 

30 (as shown in Figure 1). [The fractions from 21 to3u which had higher specific 
y 1 ivCSC Poc lc ct tin J gi € <L Sit-m p Id, 4~- 

[activity were collected and was designated as sample 4. 


iv) Heparin~5PW affinity column chromatography r 

One hundred and twenty ml of HiLoad-S [fraction from[21 to 30 (sample 4) 
was diluted with 240 ml of 50 mM Tris-HCl, 0. 1% CHAPS, pH 7.5, and applied to 
heparin-5PW affinity column (0.8 x 7. 5 cm, Tosoh Co.) which was equilibrated 
with 50mM Tris-HCl, 0.1% CHAPS, pH 7.5. After washing the column with 50mM 

ft 

Tris-HCl, 0.1% CHAPS, pH 7.5, the adsorbed protein was eluted with* linear 
gradient from 0 to 2M NaCl at a flow rate of 0. 5ml/min for 60 min. and fractions 
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a Luis* 

(0.5 ml) were collected. Fifty p. 1 (was]reraoved from each fraction to test for 
OCIF activity. The active fractions, eluted with 0.7 to 1. 3M NaCl (wasj* ^ - e — 

a glgSKjrui \Jr&& 

pooled and [was designated aspsample 5. 


v) Blue 5PW affinity column chromatography 

A 

Ten ml of sample 5 (was] diluted with 190 ml of 50mM Tris-HCl, 0. 1% CHAPS, 

pH 7.5 and applied to a blue-5PW affinity column, (0.5x5 cm, Tosoh Co.) which 

was equilibrated with 50mM Tris-HCl, 0. 1% CHAPS, pH 7.5. After washing the column 

with 50mM Tris-HCl, 0. 1% CHAPS, pH7. 5, the adsorbed protein was eluted with 

a 30 ml linear gradient from 0 to 2M NaCl at a flow rate of 0.5 ml/mi n. , and 

fractions (0. 5 ml) were collected. Using 25 /il of each fraction, OCIF 

^ * fracljoi in- 

activity was evaluated. [The fractions numbe^ 49 to 70, eluted with 1.0-1.6M 

NaClj had OCIF activity. 


vi) Reverse phase column chromatography _ < 

The blue 5PW fraction obtained by collecting fractions [from 49 to[50 was 

acidified with LO^zl of 25% TFA and applied to a reverse phase C4 column 

(BU-300, 2. 1x220mm, manufactured by Perkin-Elmer) which was equilibrated with 

0.1% of TFA and 25% {jofjacetonitrile. The adsorbed protein was eluted with A S- 

linear gradient from 25 to 55% acetonitrile at a flow rate of 0. 2 ral/min. for 

60 min., and each protein peak was collected (Fig. 3). One hundred n 1 of each 

a (p ^4 

peak fraction was tested for OCIF activity, and [peak 6 and the peakj 7 had OCIF 
activity. The result was shown in Table 1. 

Table 1 
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OCIF activity eluted from reverse phase C4 column 


Sample 



Dilution 



1/40 

1/120 

1/360 

1/1080 

Peak 6 

++ 

++ 

+ 

- 

Peak 7 

++ 

+ 

— 

— 


[ ++ means OCIF activity inhibiting osteoclast development more than 80%, + 
means OCIF activity inhibiting osteoclast development between 30% and 80%, 
and - means no OCIF activity. ] 

EXAMPLE 4 

Molecular weight of OCIF protein . ^ qcX F 4»f C k . ** - 1 ^ 

The two protein peaks ](6 and 7)J(with OCIF activity] were subjected to 
SDS-polyacrylamide gel electrophoresis under reducing and non-reducing 
conditions. Briefly, 20/ul of each peak fraction was concentrated under vacuum 
and dissolved in 1.5/ul of lOmM Tris-HCl, pH 8, lmM EDTA, 2.5% SDS, 0.01% 
bromophenol blue, and incubated at 37*^0 overnight under non-reducing 
conditions or under reducing conditions (with 5% of 2-mercaptoethanol). Each 
1.0 u 1 of sample was then analyzed by SDS-polyacrylamide gel electrophoresis 
with a gradient gel of 10-15% acrylamide (Pharmacia Co.) and an 
electrophoresis-device (Fast System, Pharmacia Co.). The following molecular 
weight marker proteins were used to calculate molecular weight : phosphorylase 
b (94 kD), bovine serum albumin (67 kD), ovalbumin (43 kD), carbonic anhydrase 
(30 kD), trypsin inhibitor (20.0 kD), and lactalbumin (14.4 kD). After 
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electrophoresis, protein bands were visualized by silver stain using Phast 
Silver Stain Kit. The results (werejshown in Fig. 4. 

A protein band with an apparent'* 60 KD was detected in the peak 6 jprotein^A 
under both reducing and non-reducing conditions. A protein band with an 
apparent 60 KD was detected under reducing conditions and a protein band with 
an apparent 120 KD was detected under non-reducing conditions in the peak 7 

’ a SimpJej. 

jproteinT^ Therefore, the protein of peak J was considered to be a homodimer 
of the protein of peak 6. 


EXAMPLE 5 

Thermostability of OCIF 

Twenty n 1 of sample from the blue-5PW fractions 51 and 52 was diluted 

to 30 /i 1 with 10 mM phosphate buffered saline, pH 7.2, and incubated for 10 

min. at 70°C or 90 *^C, or for 30 min. at 56°C. The heat-treated samples were 

^ . 

tested for OCIF activity. The results \were^ shown in Table 2. 

Table 2 

Thermostability of OCIF 


Sample 


Dilution 



1/300 

1/900 

1/2700 

untreated 

++ 

+ 

- 

70°C, 10 min 

+ 

- 


56°C, 30 min 

+ 

- 

- 

90°C, 10 min 

— 

— 

— 
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[ ++ means OCIF activity inhibiting osteoclast development more than 80%, 
+means OCIF activity inhibiting osteoclast development between 30% and 80%, 
and - means no OCIF activity. ] 


EXAMPLE 6 

Internal amino acid sequence of OCIF protein _ , « — * r li / ) _>Cp\aJ fraol-iens <o &r%- 

. £» 

Each 2 fractions (1 ml) fromjNo. 51-70 of blue~5PW fraction wasjacidified 

with 10 ii 1 of 25% TFA, and (wasjapplied to a reverse phase C4 column (BU-300, 

2. lx 220mm, manufactured by Perkin-Elmer Co.) equilibrated with 25% [of~[ 

/ 

acetonitrile containing 0. 1 % TFA. The adsorbed protein was eluted with a 12 
ml linear gradient of 25 to 55% acetonitrile at a flow rate of 0.2 ml/min, and 
the protein fractions corresponding tofpeak 6 and peak! 7 were collected, 
respectively. The protein jof^each peak was applied to a protein sequencer 
(PR0CISE 494, Perkin-Elmer Co. ). However, the N-terminal sequence of the 

^ j pfpt&rys A u 

{^proteinj of each peak could not ba analyzed. Therefore, ^N-terminafj of the 

r' a -Internal 

protein of each peak was considered to be blocked. \ So, internal! amino acid 
sequences of these proteins were ''analyzed. 

SfUD. .» JL 

The protein (of| peak 6 orfpeak 71 purified by C4-HPLCJ was concentrated 
by centrifugation and pyridilethylated under reducing conditions. Briefly, 


50 fi 1 of 0. 5 M Tris~HCl,pH 8.5, containing 100 /ig of dithiothreitol, lOmM EDTA, 

sf'jhZ 

7 M guanidine-HCl, and 1% CHAPS was added to each A samples, and thejjpixture wasp 
incubated overnight in the dark at k^room temperature. Each ^the} mixture was 
acidified with 25% TFA (a final concentration 0. 1%) and^was^applied to a 
^reversed! phase C4 column (BU-300, 2.1x30mm, Perkin-Elmer Co. ) equilibrated 
with 20 % acetonitrile containing 0. 1 % TFA. The pyridil-ethylated OCIF 
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protein was eluted with a 9 ml linear gradient from 20 to 50% acetonitrile at 
a flow rate of 0.3 ml/min, and each protein peak was collected. The 
pyridi l-£thyratedj OCIF protein was concentrated under vacuum jvj and dissolved 
in 25 fjL 1 of 0.1 M Tris-HCl, pH 9, containing 8 M Urea, and 0. 1 % Tween 80. 
Seventy three p 1 of 0. 1 M Tris-HCl, pH 9, and 0. 02 p g of lysyl endopeptidase 
(Wako Pure Chemical, Japan) were added to the tube, and incubated at 37 °C for 
15 hours. Each digest was acidified with 1 p 1 of 25% TFA and was applied 
to a reverse phase C8 column (RP-300, 2. 1x220mm, Perkin-Elraer Co.) 
equilibrated with 0. 1% TFA. • / r 

The peptide fragments were eluted from the column with^linear gradient ^frortTJ 
0 to 50 % acetonitrile at a flow rate of 0.2 ml/min for 70 min., and each 
peptide peak was collected. Each peptide fragment (PI - P3) was applied to 
the protein sequencer. The sequences of the peptides(werej shown in gequencej 


^Numbers 1 -J^, respectively. 


EXAMPLE 7 ^ ^ otxFtW* 

Determination of nucleotide sequence of ^the 0CIF cDNAj 

i) Isolation of poly (A) + RNA from IMR-90 cells 

About 10 jugJolF poly (A) + RNA was isolated from 1x10 s cells of IMR-90[byJ 
3 : 

using A Fast Track mRNA isolation kit (Invitrogen) according to the 
manufacturer' s instructions. 

ii) Preparation of mixed primers 

The following two mixed primers were synthesized based on the amino acid 
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A 


sas. rpwos. 


sequences of two peptides (peptide P2 and peptide P3, frequence number^ 2 and 

3, respectively). All the oligonucleotides in the mixed primers No. 2F can 

code for the amino acid sequence from the sixth residue, glutamine (Gin) to 

the twelfth residue, leucine (Leu), in peptide P2. All the oligonucleotides 

(<(=& ID Me. ios2 

in the mixed primers No. 3R*can code for the amino acid sequence from the 
sixth residue, histidine (His), to the twelfth residue, lysine (Lys), in 
peptide P3. The sequences of the mixed primers No. 2F and No. 3R were shown 
in Table 3. 

i 

/ 

Table 3 

No. 2F B> tic. !° j) 

5' -CAAGAACAAA CTTTTCAATT-3’ 

G G G C C GC 
A 
G 


No. 3R (Sa&JDAto. m) 

\ — 

5’ -TTTATACATT GTAAAAGAAT G-3’ 

C G C G GCTG 
A C 

G T 

a J> 

iii) Amplification of^OCIF cDNA fragment by PCR (Polymerase chain reaction) 
First strand cDNA was generated using Superscript II cDNA synthesis kit 
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_«J£3- 

(Gibco BRL) and lQigJof poly (A) + RNA obtaiiied in the example 7— i), according 
to the manufacturer’ s instructions. The DNA fragment encoding OCIF was 
obtained by PCR using ^thej cDNA template and the primers shown in EXAMPLE 
7-ii). 

PCR was per formed \with the conditions as followsQ A ° mV»j flooc/i d~>on5 ; 


10X Ex Taq Buffer (Takara Shuzo) 

5 


2. 5 mM solution of dNTPs 

4 

0*0. yA. 

cDNA solution / 

1 

(uQ 4 id 

Ex Taq (Takara Shuzo) 

0.25 (ulX yi 

sterile distilled water 

29. 

75 [uO^ 

40(uM3solution of primers No. 2F 
40(uMjsolution of primers No. 3R 

5 

5 

Ma \X l 


\ 


The components of the reaction were mixed in a microcentrifuge tube. An 

initial denaturation step at 95 °C for 3 min was followed by 30 cycles of 

a fl-no&i * 1 

denaturation at 95°C for 3Q|sec annealing at 50 °C for 30 sec and extention 

at 70 °C for 2min. After the amplification/ final extention step was performed 

n'-Lts o£ 

at 70 °C for 5min. The(sizeof}PCR products were determined on a 1. 5 % agarose 

* An G££nLx hoai£l ^ 

gel electrophoresis. |About|400 bp OCIF DNA fragment was obtained. 


EXAMPLE 8 

Cloning of the OCIF cDNA fragment amplified by PCR and determination of its 
DNA sequence 
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The OCIF cDHA fragment amplified by PCR in EXAMPLE 7-iii) was inserted 

A i nfo the 

Qn the plasmidJ^Bluescript II Sj^' using 4 DNA ligation kit ver. 2 (Takara 

Shuzo) according to the me thod[by] Marchuk, D. et al. (Nucleic Acids Res., vol 

Strgjo 

19, pU54, 1991). E. coli. 4 DH5 a (Gibco BRL) was transformed with ligation 

mixture. The transformants were grown and a plasmid containing the OCIF cDNA 

, methods 

(about 400 bp) was purified usingfthe |commonly usedfmethodT] This plasmid was 

called pBSOCIF. The sequence of OCIF cDNA in pBSOCIF was determined using Taq 

Dye Deoxy Terminater Cycle Sequencing kit (Perkin Elmer). The size of the OCIF 

cDNA is 397 bp. The OCIF cDNA encodes an amino aci'd sequence containing 132 

residues. The amino acid sequences of the internal peptides (peptide P2 and 

„ 5±Q £& Ata. - 

peptide P3, [sequence number! 2 and 3, respectively) that were used to design 

. fhe. Q£ CArfcttH i rw-S c£ 

the primers were found at[N- or C- terninal side in the^ amino acid sequence 

(of the 132 amino acid polypeptid£J predicted by the 397 bp OCIF cDNA. In 
U * Sfti.ZUJf 

addition, the amino acid sequence of the internal peptide PI (^sequence number? 
1) was also found in the predicted amino acid sequence of[the polypeptide ?] * 
These data show that the 397 bp OCIF cDNA is a portion of the full length OCIF 
cDNA. 


OCl£ 


EXAMPLE 9 

Preparation of the DNA probe 

The 397 bp OCIF cDNA was prepared according to the conditions described 

in EXAMPLE 7-iii). The OCIF cDNA was subjected to a preparative agarose gel 

o. 

electrophoresis. The OCIF cDNA was purified from the gel using A QIAEX gel 

& 

extraction kit (QIAGEN), labeled with [a 32 P]dCTP usingAMegaprime DNA labeling 
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system (Amersham) and used to select a phag6 containing the full length OCIF 


cDNA. 


EXAMPLE 10 


Preparation of the cDNA library 

&r 

cDNA was generated using'' Great Lengths cDNA synthesis kit (Clontech), 

oligo (dT) primer, [a 32 P]dCTP and 2. 5 (u^of poly(A) + RNA obtained in the 

An 

example 7-i), according to the manufacturer’s instructions. „EcoRI-SalI-NotI 

adaptor was ligated to the cDNA. The cDNA was separated from {the] free adaptor' 

and unincorporated free [a 32 P]dCTP. The purified cDNA was precipitated with 

ethanol and dissolved in 10 ul of TE buffer (10 mMTris— HC1 (pH8. 0) , 1 mM 

A Ccro£nS^ 2 ^ -ftic CtAaf>±c r uus tryrp 

EDTA). The cDNA (with the adaptor was inserted in^ X ZAP EXPRESS vector 
(Stratagene) at^coRI site. The recombinant A ZAP EXPRESS phage DNA 

O' 

containing the cDNA was in vitro packaged using Gigapack gold II packaging 
extract (Stratagene)(^and]recombinant A ZAP EXPRESS phage libraryQwas prepared} 


EXAMPLE 11 

i ' L 4- £ 5 - 

Screening of recombinant phage v> " 

Recombinant phages obtained in EXAMPLE 10 were {irifected to E. ColJ, 

XLl-Blue MRF’ (Stratagene) at 37 X for 15 min.. The infected E. coli cells 

clcX2- 

were added to NZY medium containing 0. 7 % agar at 50°C and plated(on thej NZY 
agar plates. After the plates were incubated at 37 X overnight, Hybond N 
£(Amersham)| were placed on the surface of* plates containing plaques. The 
membranes were denatured in(the^alkali solution, neutralized, and washed in 



. o 

2xSSC according to (the standard protocol] The phage DNA was immobilized (bnj the 
membranes using UV Crosslink (Stratagene) . The membranes were incubated in (the\ 
hybridization buffer (Amersham) containing 100 /x g/ml salmon sperm DNA at 65T: 
for 4 hours and then incubated at 65 °C overnight in the same buffer-containing 

of 

2x10 s cpra/ml * denatured OCIF DNA probe. The membranes were washed twice with 
2xSSC and twice with a solution containing 0. lxSSC and 0. 1 % SDS at 65 °C for 
10 min each time. The positive clones were purified by repeating the screening 
twice. The purified X ZAP EXPRESS phage clone containing (about 1. 6 kb) DNA 

o f frW- U iKla- . . , 

insert* was used in the experiments described belpw. This phage was called 

. IQBS -to iA±*±t e - Col> SVfa — 

X OCIF. The purified A. OCIF (and the infected into E. Colij XLl-Blue MRF’ 

a ~ hhc < in _ _ . 

(Stratagene) according to (aj protocol (ofj A. ZAP EXPRESS cloning kit 

(Stratagene) . The culture broth of infected XLl-Blue MRF' was prepared. 

QC££ 

Purif ied{l0CI^) and ExAssist helper phage (Stratagene) were co-infected into 

E. coli strain XL-1 blue MRF* according to the protocol supplied with the kit. 

The culture broth of the co-infected XL-1 blue MRF' was added to a culture of 

E. coli strain XL0R (Stratagene) to transform them. Thus we obtained a 

Kanaraycin-resistant transformant harboring a plasmid designated pBKOCIF which 

is a pBKCMV (Stratagene) vector containing the 1.6 kb insert fragment. 

The transformant including the plasmid containing about 1.6 kb OCIF cDNA was 

obtained by (pickinV^the kanamycin-resistant colonies.^ Jhe plasmid was 

called pBKOCIF. The transformant has been deposi ted (toj National Institute of 

Bioscience and Human-Technology (NIBH), Agency of Industrial Science and 

Tecnology as "FERM BP-5267" as pBK/OlFlO. A national deposit (Accession number, 

A hran& ixj^d-- 

FERM P-14998) was(transferedjto the international deposit, on October 25, 1995 
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) 


according to the Budapest treaty. The transformant pBK/OlFlO was grown and the 

s standard (methods . 

plasmid pBKOCIF was purified according to [the standard protocol.) 


EXAMPLE 12 _ 

Determination of the nucleotide sequence of OCIF cDNA containing the full 
coding region. . 

The nucleotide sequence of OCIF cDNA obtained in EXAMPLE 11 was 

Cl 

determined using* Taq Dye Deoxy Terminater Cycle Sequencing kit (Perkin Elmer) . 
The primers used were T3, T7 [primers] (Stratagene) and synthetic primers 

designed according to the OCIF cDNA sequence. The sequences of these primers 

FQos - 

are shown in [sequence numbers) 16 to 29. The nucleotide sequence of the OCIF 

cDNA is shown in (sequence number) 6 and the amino acid sequence predicted by 

too. 

the cDNA sequence is shown in (sequence number) 5. 


EXAMPLE 13 

Production of recombinant OCIF by 293/EBNA cells 
i) Construction of the plasmid for expressing OCIF cDNA 

pBKOCIF, containing about 1. 6 kb OCIF cDNA, was prepared as described in 
EXAMPLE l^rjand digested with restriction enzyme^^BamHI and Xhol. The OCIF 
cDNA insert was cut out, separated by an agarose gel electrophoresi^rj and 

9 s 

purified using* QIAEX gel extraction kit (QIAGEN). The purified OCIF cDNA 
„ i nsert ^Oo-S heeled intb 

[jnsert was ligated using DNA ligation kit ver. 2 (Takara Shuzo) to the] 

CftM ligation IGV V£r. A. (_ JaXxrA. 

expression vector pCEP4 (Invitrogen) A digested with restriction enzymesr-iBamHI 

„ 6&jl Sfra,,n L J 

and Xhol. (e. col if] DH5 a (Gibco BRL) was transformed with the ligation mixture. 
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The transformants were grown and the plasmid containing the OCIF cDNA (about 

a. 

1.6 kb) was purified using* QIAGEN column (QIAGEN). The expression plasmid 
pCEPOCIF was precipitated with ethano^-j and dissolved in sterile distilled 

a * f or use, i r> gXgerj 

water^was used in the expreriments^ described below. 


, oeTF_ 

Transient expression of OCIF cDNA and analysis of ^the^ biological activity 

Recombinant OCIF was produced using the expression plasmi<^j pCEPOCIF 

(prepared in EXAMPLE 13— i) according to the method described below. 8x10 s cells 

A iO-fa a*L 

of 293/EBNA (Invitrogen) were inoculated^in] each .tfeli of [the/ 6-well plate 

using IMDM containing 10 % fetal calf serum (Gibco BRL). After the cells were 

incubated for 24 hours, the culture medium was removed and the cells were 

washed with serum free IMDM. The expression plasmi^ pCEPOCIF and 

lipofectamine (Gibco BRL) were diluted with OPTI-MEM (Gibco BRL), {and were] 

mixed, and added to the cells in each well according to the manufacture’s 

instructions. Three g of pCEPOCIF and 12 n 1 of lipofectamine were used for 

each transfection. After the cells were incubated with pCEPOCIF and 

lipofectamine for 38 hours, the medium was replaced with 1 ml of OPTI-MEM. 

After {the transfected cells were incubated~j for 30 hours, the conditioned 

medium was harvested and used for the biological assay. The biological 

activity of OCIF was analysed according to the method described below. Bone 

^ / 7 ckj[ o IJ 

marrow cells obtained from (mice, 17 days-old, I were suspended in a-MEM 

U a <x /p-g/Vi 

(manufactured by GIBCO BRL Co.) containing 10% FBS, fgxlO'V] activated vitamin 

A inocuJM 

and eachjtest sample, and were (inoculatd] and cultured for 7 days at 37°C 
in humidified 5%C0 2 as described in EXAMPLE 2. During incubation, 160 
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H 1 of old medium in each well was replaced with the same volume of the fresh 


medium containing test sample diluted with 1 x 10~ 8 M of activated vitamin D 3 and 
a-MEM containing FBS on day 3 and day 5. On day 7, after washing the wells 
with phosphate buffered saline, cells were fixed with ethanol/acetone (l : 1) 
for 1 min. and (then^ osteoclast development was tested using*acid phosphatase 
activity mesuring kit (Acid Phosphatase, Leucocyte, Catalog No. 387-A, Sigma 

a A <^iretLsc <V> 

Co.). (The decrease of the number of TRAP positive cells was taken as an OCIF 

J a The 

activity. ^As result, thji^ conditioned medium showed the same OCIF activity as 
natural OCIF protein from IMR-90 conditioned medium (Table 4). 


Table 4 

OCIF activity of 293/EBNA conditioned medium. 


Cultured Cell 



Dilution 



1/20 

1/40 

1/80 1/160 1/320 

1/640 1/1280 

OCIF expression 
vector transfected 

++ 

++ 

++ ++ ++ 


vector 

transfected 


- 

- 


untreated 

- 

- 

- 



[ ++ ; OCIF activity inhibiting osteoclast development more than 80%, + ; OCIF 
activity inhibiting osteoclast development between 30% and 80%, and - ; no 
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OCIF activity. ] 


iii) Isolation of recombinant OCIF protein from 293/EBNA-conditioned medium 
293/EBNA-conditioned medium (1.8 1) obtained by cultivating the cells 


described in example 13— ii) was supplemented with 0. 1 %/ofjCHAPS and filtrated 
A . /H;//i ocre 

I with[0. 22 ra membrane filter (Steribecs GS, [MiliporeVCo. ). The conditioned 

— ' A ^ £0 i 

medium was applied to(j>0 ml of ji] heparin Sepharose CL-6B column (2.6 x 10 cm, 

Pharmacia Co.) equilibrated with lOmM Tris-HCl, pH 7.5. After washing the 

column with lOmM Tris-HCl, pH 7.5, the adsorbed prptein was eluted from the 

column with A Iinear gradient from 0 to 2 M NaCl at a flow rate of 4 ml/min for 

Jml 

100 min. and fractions ^(8 ml)Jwere collected. Using 150 /z 1 of each fraction. 


fo 


OCIF activity was assayed according the method described in EXAMPLE 2. 

A An ocjjEjAc£ii^ LL2. rnl &t£±io> u 

OCIF active fraction (112 ml) eluted with approximately 0. 6 to 1. 2 M NaCl^was 


obtained. 


One hundred twelve ml of the active fraction was diluted to 1000 ml with 
10 mM Tris-HCl, 0. 1% CHAPS, pH 7.5, and applied to a heparin affinity column 
(heparin-5PW, 0.8 x 7.5 cm, Tosoh Co.) equilibrated with lOmM Tris-HCl, 0. 1% 
CHAPS, pH 7.5. After washing the column with lOmM Tris-HCl, 0. 1% CHAPS, pH 

(L 

7.5, the adsorbed protein was eluted from the column with* linear gradient from 

oSJ 


i Qb. 5 ml)] 


0 to 2 M NaCl at a flow rate of 0. 5ml/min for 60 min.£jand fractions 
were collected. Four // 1 of each fraction was analyzed by SDS-polyacrylamide 
gel electrophoresis under reducing and non-reducing conditions as described 
in EXAMPLE 4. ^0n SDS-PAGE under^ reducing conditions, a| single band of rOCIF 
protein with an apparent 60 


r ^ -j io_5D5"^ 

(KDjwas detected in fractions from 30 to 3^underjA'i — 


condi +>£lliz 
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„ liVfi tojz 

d , g/pa rcnj. n“ lt:w ** 

A DOaJs Jtt> 

[""non-reducing conditions, bands) of rOCIF protein withfan apparent] 60 (KDjkntT . 

P under coad j^ tens 

120£KDjwere also detected in fractions from 30 to 32f The isolated rOCIF 

. -fytrr\ -fracd-jon* 

[fraction from] 30 to 32 was designated as recombinant OCIF derived from 293/EBNA 
(rOCIF(E)). 1.5 ml of the rOCIF(E) (535 n g/ml) was obtained when determined 
by the method of Lowry^ using bovine serum albumin as a standard protein. 


EXAMPLE 14 

Production of recombinant OCIF using CHO cells 

i) Construction of the plasmid for expressing OCIF/ 

pBKOCIF containing about i. 6 kb OCIF cDNA was prepared as described in 

EXAMPLE 11, and digested with restriction enzyme^ Sail and EcoRV. About 1.4 

kb OCIF cDNA insert was separated by[an7 agarose gel electrophoresi ^ -j and 

purified from the gel using*QIAEX gel extraction kit (QIAGEN). The expression 

vector, pcDL-SR a 296 (Molecular and Cellular Biology, vol 8, p466, 1988) was 

digested with restriction enzyme^J PstI and KpnI. About 3. 4 kb of the 

expression vector fragment was cut out, separated by agarose gel 

CL 

electrophoresi^rjand purified from the gel using/\QIAEX gel extraction kit 

(QIAGEN). The ends of the purified OCIF cDNA insert and the expression vector 

O- 

fragment were blunted using^DNA blunting kit (Takara Shuzo). The purified OCIF 

O- 

cDNA insert and the expression vector fragment were ligated using'DNA ligation 
kit ver. 2 (Takara Shuzo) . E.jcolii) DH5a a (Gibco BRL) was transformed with 
the ligation mixture, [jhe) transformant containing the OCIF expression plasmid, 
pSRaOCIF was obtained. 
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ii) Preparation of - expression plasmid 


The transformant containing the OCIF expression plasmid, pSR aOCIF 
A ^rv-p&fcd. <’n 

^preprared in thej example 13— i) and the transformant containing the mouse DHFR 

expression plasmid, pBAdDSV shown in W092/01053 were grown according to (the] 

standard /method.] Both plasmids were purified by alkali treatment, polyethylene 

* ch hridc. 

glycol precipitation, and cesium fchrolide7 density gradient ultra 

fhS. 

centrifugation according to A method of Maniatis et al. (Molecular cloning, 2nd 


edition) . 


iii) Adaptation of CHOdhFr- cells to the protein free medium 

CHOdhFr- cells (ATCC, CRL 9096) were cultured in IMDM containing 10 % 
fetal calf serum. The cells were adapted to EX-CELL 301 (JRH Biosciecnce) and 
then adapted to EX-CELL PF CHO (JRH Biosciecnce) according to the 
manufacture’ s instructions. 


iv) Transfection of the OCIF expression plasmid, and the mouse DHFR expression 
plasmid, £toj CHOdhFr - cells. 

CHOdhFr- cells prepared in EXAMPLE 14-iii) were transfected by 
electroporation with pSRaOCIF and pBAdDSV prepared in EXAMPLE 14— i i) - 
jjJOOJ /2 g “of pSR a OCIF and 20 n g of pBAdDSV were dissolved under sterile 
conditions in 0.8 ml of IMDM (Gibco BRL) containing 10 % fetal calf serum[c$. 

QxlO 7 cells ofj CHOdhFr-* were suspended in 0.8 ml of this medium. The cell 
suspension was transfered to a cuvette (Bio Rad) and the cells were 

CL A ttj f C£r*JtTICrtS 

transfected by electroporation using^gene pulser (Bio Rad) underhand ition| of 



360 V and 960 n F. The suspension of electrdporated cells was transferred to 

T-flasks (Sumitomo Bakelite) containing 10 ml of EX-CELL PF-CHO, and incubated 

r *1 te- v P&l- 

in the C0 2 incubator for 2 days. [Then the] transfected cells were"' inoculated 

A lois. 

^In^each well of a 96 well plate (Sumitomo Bakelite) at a density of 5000 
cells/well and cultured for about 2 weeks. The transformants expressing DHFR 
are selected since EX-CELL PF-CHO does not contain nucleotides and the 
parental cell line CH0 dhFr- can not grow in this medium. Most of the 
transformants expressing DHFR express 0CIF since the 0CIF expression plasmid 
was used ten times as much as the mouse ■ DHFR /expression plasmid. The 
transformants whose conditioned medium had high 0CIF activity were selected 
among the transformants expressing DHFR according to the method described in 
EXAMPLE 2. The transformants that express large amounts of 0CIF were cloned 
by limiting dilution. The clones whose conditioned medium had high 0CIF activity 

A £ 

were selected as described above and (th ej transformant expressing large {amount J 


is 


of 0CIF; 5561, was obtained. 


v) Production of recombinant 0CIF 

To produce recombinant 0CIF (rOCIF), ^EX-CELL 301 medium (3 1) in a 3~l 
a cW 5511 voos .nofii. \uA£j 'j&> 3oi 

^1-spiner flask was inoculated with the clone (5561 Xj at a cell-density of 1x10 s 

cells/ml. The 5561 cells were cultured in a spiner flask at 37 e C for 4 to 5 

days. When the concentration of the 5561 cells reachedQoj 1x10® cells/ml, about 

2. 7 1 of the conditioned medium was harvested. Then about 2. 7 1 of EX-CELL 301 

was added to the spiner flask and the 5561 cells were cultured repeatedly. 

About 20 1 of the conditioned medium was harvested using the three spiner 
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flasks. 


A Otll' Cond 1 1 ion cA 

vi) Isolation of recombinant OCIF protein from CHO (cel ls-conditioned] medium 

A CHO Cdi\'0)nirhcnC-& A — 

^CTOcells-conditioneJJ medium'll- 0 1) described in(EXAMPyi4-v) was 

supplemented with 1.0 gfoflCHAPS and filtrated with* 0. 22 n m membrane filter 

(Steribecks GS, jMiliporej Go.). The conditioned medium was applied to a heparin 

Sepharose-FF column (2.6 x 10 cm, Pharmacia Co.) equilibrated with 10 mM 

Tris-HCl, pH 7. 5. After washing the column with 10 mM Tris-HCl, 0. 1 % CHAPS, 

£ 

pH 7.5, the adsorbed protein was eluted from the cqluran with A linear gradient 
from 0 to 2 M NaCl at a flow rate of 4 ral/min for 100 min. and fractions jOsQ 
fralTl were collected. Using 150 ti\ of each fraction, OCIF activity was assayed 
according to the method described in EXAMPLE 2. (Active^ fraction (112 ml) 
eluted with approximately 0, 6 to 1. 2 M NaCl was obtained. 

The 112 mlVoflactive fraction was diluted to 1200 ml with 10 mM Tris-HCl, 
0.1% CHAPS, pH 7.5, and applied to (a]affinity column {tlue(-5PW, 0.5 x 5.0 cm, 
Tosoh Co.) equilibrated with 10 mM Tris-HCl, 0.1% CHAPS, pH 7.5. After washing 
the column with 10 mM Tris-HCl, 0.1% CHAPS, pH 7.5, the adsorbed, protein was 
eluted from the column with* linear gradient from 0 to 3 M NaCl at a flow rate 
of 0. 5ml/min for 60 rain. Cland fractions (0.5 ml) were collected. Four u 1 of 
each fraction jwasjsubjected to SDS-polyacrylamide gel electrophoresis under 
reducing and non— reducing conditions as described in EXAMPLE 4. |0n SDS PAGE / 

/ . , ^ 4 r * - 1 iCZL ^ flf\ VT\ 


c« 


* A, A . 

under reducing conditions, a I single band of rOCIF protein with apparent 60 KD , 

- A USmj Sb^-PA6r£ urvkr 

was detected in fractions 30 to under non-reducing conditions, bands^ of 

A tiVirt j SI>S- no^reAc^ ^ a>oA^ipj\s 

rOCIF protein with apparent*60 KD and 120 KD were also detected in fractions 



30 to 38. The isolated rOCIF fraction, 4 30 to 38, was designated as purified 
recombinant OCIF derived from CHO cells (rOCIF(C)). 4.5 ml of the rOCIF(C) 


(113 n g/ml) was (obtained where determined by the method of Lowry using bovine 
serum albumin as a standard protein. 
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EXAMPLE 15 


Determination of N-terminal amino acid sequence of rOCIFs 

Each 3 fi g of the isolated rOCIF(E) and rOCIF(C) was adsorbed to 
polyvinylidene difluoride (PVDF) membranes with Prospin (PERKIN ELMER Co.). 
The membranes were washed with 20 % ethanol and the N-terminal amino acid 
sequences of the adsorbed proteins were analyzed by protein sequencer (PROCISE 

492, PERKIN ELMER Co;). The determined N-terrainal amino acid sequence is shown 

A S£Q. JD flo- 

in (sequence Noj 7. ^ 

The N-terrainal amino acid of rOCIF(E) and rOClF(C) was (the 22th amino] 
p- /Y\ej: of -Hig Wmift+ion siOrl S.'V-c , as Se&.Xfo Alo . J 

[acid of glutamine from Met as translation starting point, as shown in sequence^ 

[number^ 5. The 21 amino acids from Met to Gin were identified as a signal 

peptide. The N-terminal amino acid sequence of OCIF isolated from IMR-90 
A C ctild nof bl c(cl<^iy>iocd .- 

conditioned raediurajwas undetectable^ Accordingly, the N-terminal (glutaminel 

a tKe c.or\v c£ ^]r or ri "■* 

of OCIF may be blocked by Jeon verting fromj glutamine] to pyroglutamine within 

^culturing or purifingTJ e<fjl Cut 4 ure of pu-4 ^hon S+ep^. 


ptfsiheiji o? <S 


EXAMPLE 16 

Biological activity of recombinant (r) OCIF and natural (n) OCIF „ 

a [h 

i) Inhibition of vitamin D 3 induced osteoclast formation JJromJ murine bone 
marrow cells 

Each the rOCIF(E) and nOCIF {sample was] diluted with a -MEM (GIBCO BRL 
Co. ) containing 10% FBS and 2xlO' 8 M of activated vitamin D 3 (a final 
concentration of 250 ng/ml). Each sample was serially diluted with the same 

a 43- 

medium, and 100 ^il of each diluted sample was added to each well jjnJ 96-well 


37 



A n cix'i j > 

plates. Bone marrow cells obtained frorafraice,' 17 days-old J were inoculated at 

a in+o <£&z- 

a cell density of 3x10 s cells/100 /x 1/ well JtoJeach we lljlnj 96-well plat^s"Jand 

cultured for 7 days at 37t in humidified 5%C0 r On day 7, the cells were 

fixed and stained withfajacid phosphatase (mesuringj kit (Acid Phosphatase, 

Leucocyte, No387-A, Sigma) according to the method described in EXAMPLE 2. ^TheJ 
4 tJL. irriKaficAi cf 

decrease [of( acid phosphatase activity (TRAP) was taken as A 0CIF activity. ^Thel 

decreasefoff acid phosphatase-positive cells was evaluated by solubilizing the 

pigment of dye and measuring absorbance, (in detain 100 pi of a mixture of 

0. 1 N NaOH and dimethylsulfoxide (1 : 1) was added to edch well and the well was 

vibrated to solubilize the dye. After solubilizing the dye completely, an 

absorbance of each well was measured at 590 nm ; subtracting the absorbance at 
a. 

490 nm using A microplate reader (Immunoreader NJ-2000, InterMed). The 

microplate reader was adjusted to 0 absorbance using a well with monolayered 

bone marrow cells which (was? cultured in the medium without activated vitamin 
a n (■ 

D 3 . \The decrease on TRAP activity was expressed as a percentage of the control 
^ . a C 

absorbance value (=100%) (of th£| solubilized dye from wells with bone marrow 

a OCiT F j * 

cells (which were| cultured in the absence of(0CIF^ The” results are shown in 
Table 5. 

Table 5 

Inhibition of vitamin D3-induced osteoclast formation from murine bone 
marrow cells 


0CIF concentration (ng/ml) 250 


125 


63 


31 


16 


rOCIF(E) 


62 


80 


100 


38 



nOCIF 


0 0 27 27 75 100 (%) 


Both nOCIF and rOCIF(E) inhibited osteoclast formation in a 

a /if 

dose dependent mannerfin the concentration! of 16 ng/ral oruiigher7/i 


ii) Inhibition of vitamin D3-induced osteoclast formation in co-cultures of 


stromal cells and mouse spleen cells. 

-■ 

I Effect! of OCIF on osteoclast formation induced by Vitamin D 3 in 

co-cultures of stromal cells and mouse spleen cells was tested according to 

the method of N. Udagawa et al. (Endocrinology, vol. 125, pl805-1813, 1989). 

, Brj <£hU . ujere 

£ln detail^ each of rOCIF(E), rOCIF(C), and nOCIFjsample wasj serially diluted 

with a -MEM (GIBCO BRL Co.) containing 10% FBS, 2xlO~ 8 M[ofJactivated vitamin 


ot- 


D 3 , and 2xlO‘ 7 M de: 


ej^pmethason^Jand 100 1 of each'' the diluted samples was added 

to each well finT96 well-raicrowell plates. Murine bone marrow-derived stromal 

ST2 cells (RIKEN Cell Bank RCB0224) fl] 5xl0 3 cells per 100/^1 of a-MEM 

A gcjc^oid ddy j vtc 

containing 10%fFBS,1 and spleen cells fromfddy mice, 8 weeks-old, T] 1x10 s cells 

J u .inis- Pb-te- 

per 100 ix 1 in the same medium, were inoculated (toj each well ]in 96-well platesj 

and cultured for 5 days at 37°C in humidified 5%C0 2 . On day 5, the cells were 

sUjmjSL kj£ 

'Xkci 


fixed and stained fwitTT a kit for] acid phosphatase / *lAcid Phosphatase, 

^ / e4fcr b— 

Leucocyte, No387-A, Sigma). vThe decrease oxacid phosphatase-positive cells 
as Qj i i nAi fn *i£L 

was taken' 1 as OCIF activity. The decrease (of] acid phosphatase-positive cells 


was evaluated according to the method described in EXAMPLE 16— i) . The results . 
„ <xrt rWn ^ T^bk t, ( rCKfrC e ) rbCEftO) ana T/iMp 2 

Lare shown in Table 6 ; rOCIF(E) and rOCIF(C), and Table 7 ; rOCIF(E) an<Tj 

[nOCIFTja nQCP^l 
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Table 6 

Inhibition of osteoclast formation in co-cultures of stromal cells and mouse 
spleen cells. 


OCIF concentration (ng/ml) 

50 

25 

13 

6 

0 

rOCIF(E) 


3 

22 

83 

80 

100 

rOCIF(C) 


13 

19 

70 

96 

100 (%) 

Table 7 





/ 


Inhibition 

of osteoclast formation 

i 

o 

o 

c 

-cultures 



of stromal 

cells and mouse 

spleen cells. 




OCIF concentration (ng/ml) 

250 

63 

16 

0 


rOCIF(E) 


7 

27 

37 

100 


rOCIF(C) 


13 

23 

40 

100 

(%) 


nOCIF, rOCIF(E) and rOCIF(C) inhibited osteoclast formation in a 
dose dependent manner fin the concentration/of 6-16 ng/ml ormigher7-t 

*1!L- 

iii) Inhibition of PTH-induced osteoclast formation ^from^ murine bone marrow 
cells - 

^EffecJ of OCIF on osteoclast formation induced by PTH was tested 
according to the method of N. Takahashi et al. (Endocrinology, vol. 122, 
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P1373-1382, 1988) ."{in detail, each th^rOCIF(E) and nOCIF (samp lej (125 ng/ral) 




(wasjserially diluted with a-MEM (manufacture^, by GIBCO BRL Co.) containing ^ 

10% FBS and 2xlO' 8 M PTH, and 100 jxl of each'the diluted samples was added tot-^ 

17 o/c j /J^y m tCz. 

96 well-plates^ Bone marrow cells frora[ddy mice, 17 days-old^J at a cell 
density of 3x10 s cells per 100 jx 1 of a-MEM containing 10% FBS were 




per 

inoculated^^eSclVwell (Lnl 96-wells ^latesjand cultured for 5 days at 37*C in 

/[ a ce-hrt c 

humidified 5%C0,. On day 5, the cells were fixed with ethanol/flacetonl (1:1) for 

L J Jjlt. 

1 min. at room temperature and stained with [a kit for[acid phosphatase'* (Acid 


Phosphatase, Leucocyte, No387-A, Sigma) according Vo the method described in ' 

. ,'n a/\ indication cl 


.A 


EXAMPLE 2. Fhej decrease (of] acid phosphatase-positive cells was taken as^OCIF 

< In- 
activity. The decrease [of] acid phosphatase-positive cells was evaluated 

according to the method described in EXAMPLE 16-i). The results are shown in 


Table 8. 

Table 8 

Inhibition of PTH-induced osteoclast formation from murine bone marrow cells. 


0CIF concentration (ng/ml) 

125 

63 

31 

16 

8 

0 

rOCIF(E) 

6 

58 

58 

53 

88 

100 

nOCIF 

18 

47 

53 

56 

91 

100 


nOCIF and rOCIF(E) inhibited osteoclast formation in a dose 


dependent manner (in the concentration|of 16 ng/ml orjfugherj^ 


fCCL^ 


iv) Inhibition of IL _ lL“induced osteoclast formation 


^Jsffect^ of OCIF on osteoclast formation induced by IL-11 was tested 

according to the method of T. Tamura et al. (Proc, Natl. Acad. Sci. USA, vol. 

< Brief N , oj of 

90, pi 1924-1 1928, 1993). Qn detail, each[ rOCIF(E) and nOCIF [s_ample wasj' 

serially diluted with a-MEM (GIBCO BRL Co.) containing 10% FBS and 20 ng/ml 

Ol__ 

IL-11 and 100^1 of each^the] diluted sample was added to each well in'* 96-well 

Jplates^ Newborn mouse^calvaria-derived pre-adipocyte MC3T3-G2/PA6 cells (RIKEN 

Cell Bank RCB1127) j]]5xl0 3 cells per 100 /z 1 of a-MEM containing 10% FBS, and 

„ xucex. oij “L- 

spleen cells from (ddy mouse, 8 weeks-old, J| 1x10 s cells per 100 fi 1 in the 
same medium, were inoculated (t^ each well jin) 96-well (plates[ and cultured for 
5 days at 37 °C in humidified 5%C0 r On day 5, the cells were fixed and 
stained with Ja kit fo^acid phosphatase" (Acid Phosphatase, Leucocyte, No387-A, 
Sigma). Acid phosphatase positive cells were counted under ''microscope and a 

i ncli OxJ'ton cf _ 

/C ■ ~~ * 

decrease of the cell numbers was taken as OCIF activity. The results are shown 
in Table 9. 

Table 9 


OCIF concentration (ng/ml) 

500 

125 

31 

7.8 

2.0 

0.5 

0 

nOCIF 

0 

0 

1 

4 

13 

49 

31 

rOCIF(E) 

0 

0 

l 

3 

10 

37 

31 


Both nOCIF and rOCIF(E) inhibited osteoclast formation in a dose 
^ a -P en+mj-i 6 ^ s . 

dependent manner jin the concentration/ of 2 ng/ml or ^Higher? -« 


The results shown in Table 4-8 indicated that OCIF inhibits all the 


were 
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vitamin d 3 . PTH, and IL-ll-induced osteoclast formations at almost the same 

A coiU<j / 

doses. Accordingly, OCIF /would be able tol be used for (treatment of the ] A l n Jj- 

U r o. 'l ^ 

different types of bone disorders Iwithjdecreased bone mass, mb i cm are caused 

A ±h^t— 

by different substances (whicHj induce bone resorption. 


EXAMPLE 17 

Isolation of monomer-type OCIF and dimer-type OCIF 

Each rOCIF(E) and rOCIF(C) sample containing 100 /ig of OCIF protein, was 

supplemented with 1/100 volume of 25 % trifluoro acetic acid and applied to 

a reverse phase column (PROTEIN-RP, 2.0x250 mm, YMC Co.) equilibrated with 30 

% acetonitrile containing 0. 1 % trifluoro acetic acid. OCIF protein was eluted 

a~ 

from the column with*linear gradient from 30 to 55 % acetonitrile at a flow 
rate of 0. 2 ml/rain for 50 rain, and each OCIF peak was collected. ^Each thep 
monomer-type OCIF peak fraction and dimer-type OCIF peak fraction £wasjA t ^er-g 
j lyophilized, respectively ^ a e / yophi I i Zd J . 


TA 


EXAMPLE 18 




Determination of molecular weight of recombinant OCIFs 

Each 1 /x g of the isolated monomer-type and dimer-type nOCIF purified 

using A reverse phase column according to EXAMPLE 3-iv) and each 1 n g of 

monomer-type and dimer-type rOCIF described in EXAMPLE 17 was concentrated 
^ \/<XColq cr\ . 

under [vaccum, respectively^ Each sample was incubated in the buffer for SDS- 
PAGE, subjected to SDS-polyacrylamide gel electrophoresis, and protein bands 
on the gel were stained with silver according to the method described in 
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EXAMPLE 4. Results of electrophoresis under non-reducing conditions and 
reducing conditions are shown in (Figure 6 and Figure 7^ A P r«pccfi 

A protein band with an apparent molecular weight of 60 KD was detected 

in each monomer-type OCIF sample, and a protein band with an apparent molecular 

weight of 120 KD was detected in each dimer-type OCIF samplejlnf non-reducing 

conditions. A protein band with an apparent molecular weight of 60 KD was 

detected in each monomer-type OCIF sample under reducing conditions. 

■ju 

Accordingly, '‘molecular weights of monomer-type nOCIF from IMR-90 cells, rOCIF 

Ctoko) ■ 

from 293/EBNA cells and rOCIF from CHO cells were almost the same? Molecular 
weights of dimer-type nOCIF from IMR-90 cells, rOCIF from 293/EBNA cells, and 
rOCIF from CHO cells were also the same?^^ ^ 


EXAMPLE 19 , r -fh_e 

a A A-)^4Cc-rmt| tbs. 

(Remove^ N-l inked Oligosaccharide chain and (Mesurin^ molecular weight of 

natural and recombinant OCIF 

Each sample containing 5/zg of the isolated monomer-type and dimer-type 

cL 

nOCIF purified using reverse phase column according to EXAMPLE 3-iv) and each 
sample containing 5 p g of monomer-type and dimer-type rOCIF described in 
EXAMPLE 17 were concentrated under vaccum. Each sample was dissolved in 9. 5 
M 1 of 50 mM sodium phosphate buffer, pH 8. 6, containing 100 mM 
2-mercaptoethanol, supplemented with 0.5 pi of 250 U/ml N-glycanase 
(Seikagaku kogyo Co. ) and incubated for one day at 37 XZ. Each sample was 
supplemented with 10 p 1 of 20 mM Tris-HCl, pH 8.0 containing 2 mM EDTA, 5 % 
SDS, and 0.02 % bromo-phenol blue and heated for 5 min at 100 °C. Each 1 p 1 
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of the samples was subjected to SDS-polyacfylamide gel electrophoresi^jand 
protein bands on the gel were stained with silver as described in EXAMPLE 4. 
The patterns of electrophoresis are shown^n Figure 8. 

An apparent molecular weight of each* the deglycosylated nOCIF from IMR-90 
cells, rOCIF from CHO cells, and rOCIF from 293/EBNA cells was 40 KD under 
reducing conditions. An apparent molecular weight of each'' untreated nOCIF from 
IMR-90 cells, rOCIF from 293/EBNA cells, and rOCIF from CHO cells was 60 KD 
under reducing conditions. Accordingly, the results indicate that the OCIF 
proteins are glycoproteins with N - linked sugar chains. 
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EXAMPLE 20 


,re gg toots 


Cloning of OCIF variant cDNAs and determination of their DNA (squences! 

. Compel Si n<i— P faXAi i d 

The plasmid pBKOCIF, [which is insertedJoCIF cDNA (to[ pBKCMV (Stratagene) , 

was obtained [from one of some purified positive phage] as in example 10 and 11 
r 

[And raorej, during the screening of the cDNA library with the 397 bp OCIF cDNA 
probe, the transformants containing plasmids whose insert sizes were different 
from that of pBKOCIF were obtained. These transformants containing the 
plasmids were grown and the plasmids were purified according to the standard 
method.. The sequence of the insert DNA in each plasmid was determined using*— * 

Taq Dye Deoxy Terminater Cycle Sequencing kit (Perkin Elmer). The [used primersj* ^ 

were T3, T7,[p>rimers[ (Stratagene) and synthetic primers prepared based on the 
nucleotide sequence of OCIF cDNA. There are four OCIF variants (0CIF2, 3, 4, 

and 5) in addition to OCIF. The nucleotide sequence of 0CIF2 is shown in lthe7 

A CcCf. Xb L -J 

(sequence numbef? 8 and the amino acid sequence of OCIF 2 predicted by the 

nucleotide sequence is shown in (the sequence numbed 9. The nucleotide sequence 

A S-gQ.XD /Oo- ^ 

of 0CIF3 is shown in [the sequence number? 10 and the amino acid sequence of 

^ \ A scQ- rp Alo. 

0CIF3 predicted by the nucleotide sequence is shown in [the sequence numberj 

11. The nucleotide sequence of 0CIF4 is shown in [the sequence number^ 12 and 

the amino acid sequence of 0CIF4 predicted by the nucleotide sequence is shown ! 

in [the sequence numbed 13. The nucleotide sequence of 0CIF5 is shown in (the! 

(sequence number! 14 and the amino acid sequence of 0CIF5 predicted by the 

, , .^.Jb A/£i_ 

nucleotide sequence is shown in [the sequence number? 15. The structures of OCIF 
variants are shown in Figures 9 to 12 and are 4 described in brief/ below. 

0CIF2 
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A 0CIF2 cDNA has a deletion of 21 bp from guanine at nucleotide number 265 

ftgQ. xd AJ*-_ 

to guanine at nucleotide number 285 i^OCIF cDNA ((sequence number] 6). 

Accordingly, OC I F2 has a deletion of 7 amino acids from glutamic acid (Glu) at 

amino acid number 68 to glutamine (Gin) at amino acid number 74 in OCIF 
S~F<5.jt> fio-. 

({sequence number] 5). 


0CIF3 


its. 


* — 

IF3 cDNA has a point mutation at nucleotide number 9 in^OCIF cDNA 

. VOS. Nql 

Sequence number] 6) where cytidine is replaced with guanine. 

Accordingly, 0CIF3 has a mutation /and7asparagine (Asn) at amino acid number -19 

^ c — 

in OCIF ((sequence number] 5) is replaced with lysine (Lys). The mutation seems 

a 

to be located in the signal sequence and [have] no essential effect on the 

A Si^reAicn o£ 

rsecretecf70CIF3. 0CIF3 cDNA has a deletion of 117 bp from guanine at nucleotide 
number 872 to cytidine at nucleotide number 988 in'* OCIF cDNA ((sequence number] 
6 ). 

Accordingly, 0CIF3 has a deletion of 39 amino acids from threonine (Thr) at 
amino acid number 270 to leucine (Leu) at amino acid number 308 in OCIF 
({sequence number] 5) . 

0CIF4 7 ^ 6cJfj£ cD/V^l -hop gonTj^jy^ u i 

[0CIF4 cDNA has two point mutations in OCIF cDNA (sequence number 6)7] 

Cytidine at nucleotide number 9 is replaced with guanine and guanine at 

seQ jf> ^0— 

nucleotide number 22 is replaced with thymidine in'* OCIF cDNA ((sequence numbejr] 

6 ). 

Accordingly, 0CIF4 has two mutations. Asparagine (Asn) at amino acid number -19 
~ -STFQ . JT> fTg j- 

in OCIF frequence numberj 5) is replaced with lysine (Lys), and alanine (Ala) 


\ 


bio. 
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at amino acid number -14 is replaced with serine (Ser). These mutations seem 

to be located in the signal sequence and have no essential effect on the 

secreted 0CIF4. • • 

^Cb/npriiwjj 

0CIF4 cDNA has about 4 kb DNA, (which is the} intron 2 of^OCIF gene, inserted 

-th<- . .<rF6.JP 

between nucleotide number 400 and nucleotide number 401 in^OCIF cDNA ^sequence} 

^number] 6) . The open reading frame stops in intron 2. 

Accordingly^ 0CIF4 has an additional novel amino acid sequence containing 21 . 

a -ScO. TD M>. ^ ) 

amino acids after alanine (Ala) at amino acid number 112 in OCIF (£equencej 


^number 5) J 


JM. 


0CIF5 

Tt&- 

a 0CIF5 cDNA has a point mutation at nucleotide number 9 in OCIF cDNA 

(Sgequence number} 6) where cytidine is replaced with guanine. 

Accordingly, 0CIF5 has a mutation (andjasparagine (Asn) at amino acid number -19 
~~ t . TF6. JJ) 

in OCIF Sequence numbed 5) is replaced with lysine (Lys). The mutation seems 

. has 

to be located in the signal sequence and^havejno essential effect on the 

A <?&>£. be n of_ 

^secreted 0CIF5. 


0CIF5 cDNA has the latter portion (about 1. 8 kb) of intron 2 between 
nucleotide number 400 and nucleotide number 401 in OCIF cDNA (^sequence number} 

6) . The open reading frame stops in the latter portion of intron 2. 

Accordingly, 0CIF5 has an additional novel amino acid sequence containing 12 , 

amino acids after alanine (Ala) at amino acid number 112 in OCIF (^equenCej 


^number 5)7^ 


EXAMPLE 21 
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Production of OCIF variants 


i) Construction of the plasmid for expressing OCIF variants 


0 " 


A Pl< 


ClSA2 



, w C£2 


| The plasmid^ containing 0CIF2 or 0CIF3 cDNA (was\ obtained as described in 

EXAMPLE 20 and called pBK0CIF2 and pBK0CIF3, respectively. pBK0CIF2 and 

pBK0CIF3 were digested with restriction enzyme^r] BamHI and XhoL The 0CIF2 and 

0CIF3 cDNA inserts were separated by agarose gel electrophoresi^-j and purified 

from the gel using A QIAEX gel extraction kit (QlAGEN). The purified 0CIF2 and 

0CIF3 cDNA inserts were individually ligated using DNA ligation kit ver. 2 

(Takara Shuzo) to the expression vector pCEP4 (Invitrogen) that had been 

A Coil Sbrg 1 V 1 

digested with restriction enzyme^'J BamHI and Xhol. E.{coli^ DH5a (Gibco BRL) 
was transformed with the ligation mixture. 

The plasmid containing 0CIF4 cDNA was obtained as described in EXAMPLE 20 and 

called pBK0CIF4. pBK0CIF4 was digested with restriction enzyme^jSpel and Xhol 

(Takara Shuzo). The 0CIF4 cDNA insert was separated by rani agarose gel 

o. 

electrophoresis, and purified from the gel usingAQIAEX gel extraction kit 

5 

(QlAGEN). The purified 0CIF4 cDNA insert was ligated using A DNA ligation kit 


c.n 


ver. 2 (Takara Shuzo) toQhej expression vector pCEP4 (Invitrogen) that had 


been digested with restriction enzyme^jNhel and Xhol (Takara Shuzo). E. £oliJ 
DH5 a (Gibco BRL) was transformed with the ligation mixture. 

The plasmid containing 0CIF5 cDNA was obtained as described in EXAMPLE 20 and 
£wasjcalled pBK0CIF5. pBK0CIF5 was digested with ^restriction enzym^ jHindlll 
(Takara Shuzo). The 5’ portion of the coding region in the 0CIF5 cDNA insert 
was separated by agarose-gel electrophoresi^^Jand purified from the gel using/' 
QIAEX gel extraction kit (QlAGEN). The OCIF expression plasmid, pCEPOCIF, 


■ A Ccl/ S-fraih 
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obtained in EXAMPLE 13— i) was digested with ''restriction enzynujr^Hindlll 

(Takara Shuzo) . The 5’ portion of the coding region in the OCIF cDNA was removed. 

The rest of the plasmid that contains pCEP vector and the 3’ portion of the 

coding region of OCIF cDNA was called pCEPOCIF-3’ . pCEPOCIF-3* was separated 

0 - 

by (arfj agarose gel electrophoresi^-jand purified from the gel using A QIAEX gel 

extraction kit (QIAGEN). The 0CIF5 cDNA Hindlll fragment and pCEPOCIF-3’ were 

ligated using DNA ligation kit ver. 2 (Takara Shuzo). E.(coliT| DH5 a (Gibco 

BRL) was transformed with the ligation mixture. 

. ^VCLfULn't 

The Obtained transformants) were grown at 37 overnight and the OCIF Variants] 

expression plasmids (pCEP0CIF2, pCEP0CIF3, pCEP0CIF4, and pCEP0CIF5) were 

A Co turn /> r . . . 

purified using QIAGEN [column J (QIAGEN) . These OCIF-jvariantSfexpression plasmids 

were precipitated with ethanol, dissolved in sterile distilled water, and used 
A ex j2£ju£2£tl 

in the jexprerimentsj described below. 


ii) Transient expression of OCIF variant cDNAs and analysis of the biological 
activity of recombinant OCIF variants. 

Recombinant OCIF variants were produced using the expressionjjjlasmid) 
pCEP0CIF2, pCEP0CIF3, pCEP0CIF4, and pCEP0CIF5 JjDreparedj as described in 
EXAMPLE 21— i) according to the method described in EXAMPLE 13— ii) . The 
biological activities of recombinant OCIF variants were analysed. The results 
were that these OCIF variants (0CIF2, 0CIF3, 0CIF4, and 0CIF5) had [aj weak 
activity. 


EXAMPLE 22 



Preparation of OCIF mutants 

i) Construction of a plasmid vector for subcloning cDNAs encoding OCIF mutants 

The plasmid vector. (5 /z g) described in EXAMPLE 11 was digested with 

restriction enzymes Bam HI and Xho I ( Takara Shuzo). The digested DNA was 

subjected togjpreparative agarose gel electrophoresis, r DNA fragment with an 

approximate size of 1.6 kilobase pairs (kb) that contained the entire coding 

CL 

a" 

sequence for OCIF was purified from the gel using QIAEX gel extraction kit 
(QIAGEN). The purified DNA was dissolved in 20 fi 1 of sterile distilled 
water. This solution was designated DNA solution 1/ p Bluescript II SK + (3 
H g) (Stratagene) was digested with restriction enzymes Bam HI and Xho I 
(Takara Shuzo). The digested DNA was subjected to preparative agarose gel 

A 

electrophoresis. * ^DNA fragment with an approximate size of 3.0 kb was 

cu 

purified from the gel using A QIAEX DNA extraction kit (QIAGEN). The purified 

r 

DNA was dissolved in 20 n 1 of sterile distilled water. \_TheJ solution was 

designated DNA solution 2. One microliter of DNA solution 2, 4 n 1 of DNA 

a -6ms-2- 

solution 1 and 5 p. 1 of ligation buffer I(of]DNA ligation kit ver. 2 (Takara 

Shuzo) were mixed and incubated at 16 ‘C for 30 min. (The ligation mixture 

/tjy 

was used (fo^ the transformation of E. coli in a manner described below). 

Conditions for transformation of E. coli were as follows. One hundred 

microliters of competent E. coli DH5 a cells (GIBCO BRL) and 5/zl of the 

ligation mixture/wasl mixed in a sterile 15-ml tube (IWAKI glass). The tube 

was kept on ice for 30 min. After incubation for 45 sec at 42°C, (to the cells^ 

.jcs <xdd 

^was added J 250 /zl of L broth (1% Tryptone, 0. 5% yeast extract, 1% NaCl)\ The 
cell suspension was then incubated for lhr. at 37°C with shaking. Fifty 



raicrol iters of the cell suspension was plated onto an L-agar plate containing 
50 n g/ml of ampicillin. The plate was incubated overnight at 37°C. 

Six colonies which grew on the plate were ^ndividuarTyl incubated in 2 ml 
^eachj of L-broth containing 50 n g/ml (of) ampicillin overnight at 37°C with 
shaking. The structure of the plasmids in the colonies was analyzed. A 
plasmid in which the 1. 6-kb DNA fragment containing the entire OCIF cDNA is 
inserted between the digestion sites of Bam HI and Xho I of pBluescript II SK 
+ was obtained and designated as pSK + "OCIF. 


ii) Preparation of mutants in which , one of the Cys residues in OCIF is 
replaced with Ser residue 
l) Introduction of mutations into OCIF cDNA 

OCIF mutants were prepared in which one of the five Cys residues present 

in OCIF at positions 174, 181, 256, 298 and 379 (in SEQUENCE NO 4) was replaced 

a 

witl/ser residue and were designated 0CIF-C19S(174Cys to Ser), OCIF-C20S 
(181Cys to Ser), 0CIF-C21S (256Cys to Ser), 0CIF-C22S (298Cys to Ser) and 
0CIF-C23S (379Cys to Ser), respectively. 

To prepare the mutants, nucleotides encoding the corresponding Cys residues 
were replaced with those encoding Ser. Mutagenesis was carried out by a 
two-step polymerase chain reaction (PCR). The first step of the PCRs 
consisted of two reactions, PCR 1 and PCR 2. 


PCR 1 

10X Ex Taq Buffer (Takara Shuzo) 

10 

M 1 


2. 5 mM solution of dNTPs 

8 

ul 


the plasmid vector described in EXAMPLE 11 

(8ng/ml) 2 

nl 


sterile distilled water 

73.5 n 1 
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W;v!vl:iv* 

'iNWV!' V* 


20 fi M solution of primer 1 5 n 1 

100 fi M solution of primer 2 (for mutagenesis) 1 jx 1 

Ex Taq (Takara Shuzo) 0. 5 At 1 

PCR 2 10X Ex Taq Buffer (Takara Shuzo) 10 fi 1 

2. 5 raM solution of dNTPs 8 n 1 

the plasmid vector described in EXAMPLE 11 (8ng/ml) 2 /z 1 

sterile distilled water 73. 5 ji 1 

20 /zM solution of primer 3 5 /z 1 

100 /zM solution of primer 4 (for mutagenesis) 1 u 1 

Ex Taq (Takara Shuzo) 0. 5 n 1 


Specific sets of primers were used for each mutation and other components 

were unchanged. Primers used for the reactions are shown in Table 10. The 

nucleotide sequences of the primers are shown in[SEQUENCE NOJJ 20, 23, 27 and 

30-40. The PCRs were performed under the following conditionsfas follows^ An 

initial denaturation step at 97°C for 3 min was followed by 25 cycles of 

denaturation at 95^ fot 1 min ? annealing at 55°C for 1 min and extension at 

72°C for 3 min. After these amplification cycles, final extension was 

A fyndo^ts uiere 

performed at TO'C for 5 min. Thefsizej of the PCR ^rodcts wa^ confirmed by 

agarose gel electrophoresis uisingpreaction fsolutioa After the first PCR, 

o'L. 

excess primers were removed using* Amicon microcon (Araicon). The final volume 
of the solutions that contained the PCR products were made to 50p 1 with sterile 
distilled water. These purified PCR products were used for the second PCR 
(PCR 3). 

PCR 3 10X Ex Taq Buffer (Takara Shuzo) 10 /z 1 


53 



2. 5 raM solution of dNTPs 8 /x 1 
solution containing DNA fragment obtained from PCR 1 5 /x 1 
solution containing DNA fragment obtained from PCR 2 5 n 1 
sterile distilled water 61.5 /x 1 
20 n M solution of primer l 5 /x 1 
20 (i M solution of primer 3 5 /x 1 
Ex Taq (Takara Shuzo) 0. 5 /x 1 


Table 10 


mutants 

primer-1 

primer-2 

primer-3 

priraer-4 

0CIF-C19S 

IF 10 

C19SR 

IF 3 

C19SF 

0CIF-C20S 

IF 10 

C20SR 

IF 3 

C20SF 

0CIF-C21S 

IF 10 

C21SR 

IF 3 

C21SF 

0CIF-C22S 

IF .10 

C22SR 

IF 14 

C22SF 

0CIF-C23S 

IF 6 

C23SR 

IF 14 

C23SF 


The reaction conditions were exactly the same as those for PCR 1 or PCR 
A Sh££- A f Wuucts 

2. The^size[of the PCR Jprodcts wasj confirmed by 1. 0 % or 1.5 % agarose gel 
electrophoresis. The DNA fragments were precipitated with ethanol, dried 
under vacuum and dissolved in 40 fi 1 of sterile distilled water. The solutions 
containing DNA fragments with[mutatior? C19S, C20S, C21S, C22S and C23S were 
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designated as DNA solution A, DNA' solution B, DNA solution C, DNA solution D 
and DNA solution E, respectively. 

The DNA fragment which is contained in solution A (20jul) was digested with 
restriction enzymes Nde I and Sph I (Takara Shuzo). A DNA fragment with an 
approximate size of 400 base pairs (bp) was extracted from a preparative 
agarose gel and dissolved in 20 /x 1 of sterile distilled water. This DNA 
solution was designated DNA solution 3. Two micrograms of pSK + -0CIF (was]* 
digested with restriction enzymes Nde I and Sph I. A DNA fragment with an 
approximate size of 4; 2 kb was purified from a preparative agarose gel jwitffi* °- s,n § -&‘ 
QIAEX gel extraction kit and dissolved in 20 n 1 of sterile distilled 
water. This DNA solution was designated (as] DNA solution 4. Two microliters 
of DNA solution 3, 3 /x 1 of DNA solution 4 and 5 u 1 of ligation buffer I (of] * 

ps 

DNA ligation kit ver. 2 were mixed and'ligation reaction was carried out. 
Competent^:. coli DH5 ^cells were transformed with 5 p 1 of the ligation 
mixture. Ampicillin-resistant transformants were screened for a clone 
containingfajplasmid DNA. DNA structure was analyzed by restriction enzyme 
mapping and by DNA sequencing. The plasmid thus obtained was named 
PSK-0CIF-C19S. 

The DNA fragment (which is] contained in solution B (20 (i 1) was digested 

with restriction enzymes Nde I and Sph I. A DNA fragment with an approximate 

size of 400 bp was extracted from a preparative agarose gel (with] QIAEX gel 

extraction kit and dissolved in 20 nl of sterile distilled water. This DNA 

solution was designated DNA solution 5. Two microliters of DNA solution 5, 

a fn£2 fL 

3 (i 1 of DNA solution 4 and 5 ju 1 of ligation buffer l(of]DNA ligation kit 
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ver. 2 were mixed and* ligation reaction was carried out. Competent E. coli 

DH5 a cells were transformed with 5 /tl of the ligation mixture. 

Ampicillin-resistant transformants were screened for a clone containing £a3 

plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 

DNA sequencing. The plasmid thus obtained was named pSK-0CIF-C20S. 

The DNA fragment which is contained in solution C (20 n 1) was digested with 

restriction enzymes Nde I and Sph I. A DNA fragment with an approximate size 

cl 

of 400 bp was extracted from a preparative agarose gel (withj QIAEX gel 
extraction kit and dissolved in 20 ul of sterile distilled water. This DNA 1 

solution was designated (as^ DNA solution 6 . Two microliters of DNA solution 
6 , 3 /il of DNA solution 4 and 5/il of ligation buffer IfofjDNA ligation kit 


ver. 2 were mixed and ligation reaction was carried out. Competent E. coli 4 
DH5 a cells were transformed with 5 n 1 of the ligation mixture. 
Ampicillin-resistant transformants were screened for a clone containing (a 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
DNA sequencing. The plasmid thus obtained was named pSK-0CIF-C21S. 

The DNA fragment which is contained in solution D (20 (i 1) was digested with 
restriction enzymes Nde I and Bst PI. A DNA fragment with an approximate size 

. VSi'nfi a 


sira.if\ 




of 600 bp was extracted from a preparative agarose gel ^witfi\ QIAEX gel 
extraction kit and dissolved in 20 n 1 of sterile distilled water. This DNA 
solution was designated(as]DNA solution 7. Two micrograms of pSK + -OCIFjwasJ'* 
digested with restriction enzymes Nde I and Bst PI. A DNA fragment with an 
approximate size of 4.0 kb was extracted from a preparative agarose gel (with]* 
QIAEX gel extraction kit and dissolved in 20fil of sterile distilled 


56 



water. This DNA solution was designated (as^DNA solution 8. Two raicroliters 
of DNA solution 7, 3 ;tl of DNA solution 8 and 5#il of ligation buffer I (ofjt^™* 1 
DNA ligation kit ver. 2 were mixed and ligation reaction was carried out. 

Sjro^- 

Competent E. coli*DH5 a cells were transformed with 5 n 1 of the ligation 
mixture. Ampici 11 in-resistant transformants were screened for a clone 

containing [ajplasmid DNA in which the 600-bp Nde I-BstPI fragment with the 
mutation (the C22S mutation) is substituted for the 600-bp Nde I-Bst PI 
fragment of pSK+ -OCIF by analyzing the DNA structure. DNA structure was 
analyzed by restriction enzyme mapping and by DNA' sequencing. The plasmid 
thus obtained was named pSK-OCIF~C22S. 

The DNA fragment which is contained in solution E (20 n 1) was digested 
with restriction enzymes Bst PI and Eco RV. A DNA fragment with an approximate 
size of 120 bp was extracted from a preparative agarose gel[withj QIAEX gel 
extraction kit and dissolved in 20 /i 1 of sterile distilled water. This DNA 
solution was designated (asj DNA solution 9. Two micrograms of pSK + -OCIF ^asj< 
digested with restriction enzymes Bst Eli and Eco RV. A DNA fragment with an 
approximate size of 4.5 kb was extracted from a preparative agarose gel (with}* ft 

QIAEX gel extraction kit and dissolved in 20 til of sterile distilled 
water. This DNA solution was designatedfasjDNA solution 10. Two microliters 

4 ~fh i/n &- 


U)iSS- 


of DNA solution 9, 3 /j 1 of DNA solution 10 and 5 u 1 of ligation buffer Ilof 

— — ' 

DNA ligation kit ver. 2 were mixed and* ligation was carried out. Competent 
SlrzLm 

E. coli A DH5 a cells were transformed with 5/il of the ligation mixture. 
Ampicillin-resistant transformants were screened for a clone containing/a J 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
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DNA sequencing. The plasmid thus obtained was named pSK~OCIF-C23S. 

2) Construction of vectors for expressing the OCIF mutants 

pSK-0CIF-C19S, pSK-OCIF-C20S, pSK-0CIF-C21S, pSK-0CIF-C22S and 
pSK-0CIF-C23S were digested with restriction enzymes Bam HI and Xho I. The 
1. 6 kb Bam Hl-Xho- 1 DNA fragment encoding each OCIF mutant was isolated and 
dissolved in 20 n 1 of sterile distilled water. The DNA solutions that contain 


1. 6 kb cDNA fragments derived from pSK - OCIF - C19S, pSK~ OCIF - C20S, pSK - 0CIF - C21S, 

pSK-0CIF-C22S and pSK-OCIF - C23S were designated C19S DNA solution, C20S DNA 

solution, C21S DNA solution, C22S DNA solutiotf and C23S DNA solution, 

respectively. Five micrograms of ^expression vector pCEP 4 (Invitrogen) (wasj* < £± crz . 

digested with restriction enzymes Bam HI and Xho I. A DNA fragment with an 

approximate size of 10 kb was purified and dissolved in 40 /il of sterile 

distilled water. This DNA solution was designated as pCEP 4 DNA 

f — pu 

solution. One microliter of pCEP 4 DNA solution and 6 /z 1 of either^C19SDNAp 
solution, C20S DNA solution, C21S DNA solution, C22S DNA solution or C23S DNA 
solution were independently mixed with 7 n 1 of ligation buffer Il^ofJDNA 

-fbS- 

ligation kit ver. 2 and' c figation reactions were carried out. Competent E. 

Mt&s n~ 

coli DH5 a cells (lOOjxl) were transformed with 7 u 1 of each ligation 

mixture. Ampicillin - resistant transformants were screened for clones 

containing plasmid in which a 1.6-kb cDNA fragment is inserted between the 

recognition sites of Bam HI and Xho I of pCEP 4 by analyzing the DNA 
A pjasnitcL s 

structure. The jjplasmideJ which were obtained containing the cDNA encoding 
0CIF-C19S, 0CIF-C20S, 0CIF-C21S, 0CIF-C22S and 0CIF-C23S were designated 
pCEP4 - 0CIF-C19S, pCEP4-0CIF-C20S, pCEP4 - 0CIF-C21S, pCEP4 - 0CIF - C22S and 
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pCEP4-0CIF-C23S, respectively. 

ii) Preparation of domain-deletion mutants of OCIF 
(1) deletion mutagenesis of OCIF cDNA 

A series of OCIF mutants with deletions (ofjfrom Thr 2 to Ala 42, from Pro 
43 to Cys 84, from Glu 85 to Lys 122, from Arg 123 to Cys 164, from Asp 177 

' A 

to Gin 25irand|from lie 252 to His 326 were prepared (positions of the amino 
acid residues are shown in [SEQUENCE No| 4). These mutants were designated as 
0CIF-DCR1, 0CIF-DCR2, 0CIF-DCR3, 0CIF-DCR4, 0C1F-DDD1 and 0CIF-DDD2, 
respectively. 

Mutagenesis was performed by two-step PCR as described in EXAMPLE 22-(ii). 

The primer sets for the reactions are shown in Table 11 and the nucleotide 

. M TP : 

sequences of the primers are shown in [SEQUENCE Noj 19, 25, 40-5^ j and 54. 
Table 11 


mutants 

primer-1 

primer-2 

primer-3 

primer-4 

0CIF-DCR1 

Xhol F 

DCR1R 

IF 2 

DCR1F 

0CIF-DCR2 

Xhol F 

DCR2R 

IF 2 

DCR2F 

0CIF-DCR3 

Xhol F 

DCR3R 

IF 2 

DCR3F 

0CIF-DCR4 

Xhol F 

DCR4R 

IF 16 

DCR4F 

0CIF-DDD1 

IF 8 

DDD1R 

IF 14 

DDD1F 

0CIF-DDD2 

IF 8 

DDD2R 

IF 14 

DDD2F 
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The final PCR products were precipitated with ethanol, dried under vacuum and 
dissolved in 40*x 1 of sterile distilled water. Solutions of DNA (fragmen^ ^ayviiA'fe 
coding for portions of 0CIF - DCR1, 0CIF“DCR2, 0CIF~DCR3, 0CIF—DCR4, 0CIF-DDD1 
and 0CIF-DDD2 were designated (asj DNA solutions F, G, H f I, J and K, 
respectively. 

The DNA fragment (which isj contained in solution F (20 pi) was digested with 

restriction enzymes Nde I and Xho I. A DNA fragment with an approximate size 

A usij2X£- 


of 500 bp was extracted from a preparative agarose gel (with] QIAEX gel 
extraction kit and dissolved in 20^1 of sterile distilled water. This DNA 
solution was designated DNA solution 11. Two micrograms of pSK+ -OCIF (was^ 
digested with restriction enzymes Nde I and Xho I. A DNA fragment with an 
approximate size of 4.0 kb was extracted from a preparative agarose gel(witRJ^ 
QIAEX gel extraction kit and dissolved in 20 til of sterile distilled 
water. This DNA solution was designated DNA solution 12. Two microliters of 
DNA solution 11, 3 p 1 of DNA solution 12 and 5 jil of ligation buffer I (ofU' 1 


DNA ligation kit ver. 2 were mixed and ligation was carried out. Competent 
E. coli^DHS a cells were transformed with 5 p 1 of the ligation mixture. 
Ampicillin-resistant transformants were screened for a clone containing[a^] 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and 
by DNA sequencing. The plasmid thus obtained was named pSK-OCIF-DCRl. 

The DNA fragment which is contained in solution G (20 p 1) was digested 
with restriction enzymes Nde I and Xho I. A DNA fragment with an approximate 
size of 500 bp was extracted from a preparative agarose gel [with] QIAEX gel 
extraction kit and dissolved in 20 pi of sterile distilled water. This DNA 
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solution was designatedfaslDNA solution 13. Two microliters of DNA solution 

U , -fro m a-_ 

13, 3 /x 1 of DNA solution 12 and 5 fi 1 of ligation buffer I [ofjDNA ligation 

fhc si-rain 

kit ver. 2 were mixed and* ligation was carried out. Competent E. coli DH5a 

cells were transformed with 5 ;x 1 of the ligation mixture. 

Arapici 11 in-resistant transformants were screened for a clone containing 

plasmid [dNA^| DNA structure was analyzed by restriction enzyme mapping and 

by DNA sequencing. The plasmid thus obtained was named pSK-0CIF-DCR2. 

The DNA fragment[which is} contained in solution H (20 /x 1) was digested with 

restriction enzymes Nde I and Xho I. A DNA fragment. -with an approximate size 

of 500 bp was extracted from a preparative agarose gel (with] QIAEX gel 

extraction kit and dissolved in 20 ju 1 of sterile distilled water. This DNA 

solution was designatedfaslDNA solution 14. Two microliters of DNA solution 

^ a- W> 4- 

14, 3 n 1 of DNA solution 12 and 5 /j. 1 of ligation buffer I/of7DNA ligation 
kit ver. 2 were mixed and* ligation reaction was carried out. Competent E. coli * 
DH5 a cells were transformed with 5 n 1 of the ligation mixture. 
Ampicillin-resistant transformants were screened for a clone containing a 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
DNA sequencing. The plasmid thus obtained was named pSK-0CIF-DCR3. 

The DNA fragment [which isjcontained in solution I (20 /x 1) was digested with 
restriction enzymes Xho I and Sph I. A DNA fragment with an approximate size 
of 900 bp was extracted from a preparative agarose gel JwithjQIAEX gel 
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extraction kit and dissolved in 20pl of sterile distilled .ater. This DNA 
solution was designated £s>NA solution 15. Two micrograms of pSK + -OCIF fasj' — 
digested with restriction enzymes Xho I and Sph I. A DNA fragment with an 
approximate site of 3.6 kb was extracted from a preparative agarose gel&ith}"-^- 
Q1AEX gel extraction kit and dissolved in 20pl of sterile distilled 
water. This DNA solution was designated (asjDNA solution 16. Two microliters 
of DNA solution 15. 3 p 1 of DNA solution 16^nd 5 P 1 of ligation buffer I 
fifj»^ll«.ti« kit ver. 2 were mixed and'tTTation reaction was carried 
out. Competent E. coli'DHS a cells were transformed with 5 p 1 of the . 

ligation mixture. Ampici 11 in-resistant transformants were screened for a clone 
containing(a>lasmid DNA. DNA structure was analysed by restriction enzyme 
mapping and by DNA sequencing. The plasmid thus obtained was named 

pSK-0CIF-DCR4. 

The DNA fragment^which ^contained in solution J (20 p 1) was digested with 
restriction enzymes BstP I and Nde I. A DNA fragment with an oPP^ate size 
of 400 bp was extracted from a preparative agarose gel [with} QIAEX gel 
extraction kit and dissolved in 20 p 1 of sterile distilled water. This DNA 
solution was designated gs>NA solution 17. Two microliteg^DNA solution 
l7 3 pi of DNA solution 8 and 5„1 of ligation buffer I^DNA ligation kit 
ver. 2 were mixed and” ligation reaction was carried out. Competent E. co i. 

„H5 o cells were- transformed with 5pl of the ligation mixture. 

Ampici 11 in-resistant transformants were screened for a clone containing^ 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
DNA sequencing. The plasmid thus obtained was named pSK-OCIF-DDDl. 
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The DNA fragment (which is]contained in solution K (20 p 1) was digested with 

restriction enzymes Nde I and BstP I. A DNA fragment with an approximate size 

of 400 bp was extracted from a preparative agarose gel [withJQIAEX gel 

extraction kit and dissolved in 20 p 1 of sterile distilled water. This DNA 

solution was designatedfaslDNA solution 18. Two microliters^of DNA solution 

^ a fnm cl 

18 3 ix 1 of DNA solution 8 and 5/il of ligation buffer l(of|DNA ligation kit 

. ylmi a 

ver. 2 were mixed and ligation reaction was carried out. Competent E. coIIa 
DH5 a cells were transformed with 5 p 1 of the ligation mixture. 

Ampici 11 in-resistant transformants were screened ./for a clone containing^ 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
DNA sequencing. The plasmid thus obtained was named pSK-QCIF-DDD2. 


2) Construction of vectors for expressing the OCIF mutants 
pSK-OCIF-DCRl, pSK-0CIF-DCR2, pSK-0CIF-DCR3, pSK-0CIF-DCR4, pSK-OCIF-DDDl and 
pSK-0CIF-DDD2 were digested with restriction enzymes Bam HI and Xho I. The 
Bam 111-Xho I DNA fragment containing entire coding sequence for each OCIF 
mutant was isolated and dissolved in 20 p 1 of sterile distilled water. These 
DNA solutions that contain the Bam Hl-Xho I fragment derived from 
pSK-OCIF-DCRl, pSK-0CIF-DCR2, pSK-0CIF-DCR3, pSK-0CIF-DCR4, pSK-OCIF-DDDl and 
PSK-0CIF-DDD2 were designated DCR1 DNA solution, DCR2 DNA solution, DCR3 DNA 
solution, DCR4 DNA solution, DDDI DNA solution and DDD2 DNA solution, 
respectively. One microliter of pCEP 4 DNA solution and 6 pi of either DCR1 
DNA solution, DCR2 DNA solution, DCR3 DNA solution, DCR4 DNA solution, DDDI 
DNA solution or DDD2 DNA solution were independently mixed with 1 p\ of 
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ligation buffer I fofl DNA ligation Kit ver. 2 and ligation reactions were 
U ^ Jfrzti/7 

carried out. Competent E. coif DH5a cells (100 fil) were transformed with 
7 ii 1 of each ligation mixture. Ampicillin _ resistant transformants were 
screened for a clone containing (a^plasmid DNA in which the DNA fragment with 
deletions is inserted between the recognition sites of Bam HI and Xho I of 
pCEP 4 by analyzing the DNA structure. The plasmids containing the cDNA 
encoding 0CIF-DCR1, 0CIF-DCR2, 0CIF-DCR3, 0CIF-DCR4, 0CIF-DDD1 and 0CIF-DDD2 
were designated pCEP4 — 0CIF-DCR1, pCEP4~0CIF — DCR2, pCEP4~ OCIF - DCR3, 
pCEP4-0C I F-DCR4, pCEP4-0CIF-DDDl and pCEP4-0CIF-DPD2, respectively. 

iii) Preparation of OCIF with C-terminal domain truncation 
(1) mutagenesis of OCIF cDNA 

A series of OCIF mutants with deletions^off from Cys at amino acid residue 
379 to Leu 380, from Ser 331 to Leu 380, from Asp 252 to Leu 380, from Asp 177 
to Leu 380, from Arg 123 to Leu 380 and from Cys 86 to Leu 380 was prepared. 
Positions of the amino acid residues are shown in ^SEQUENCE NOjj 4. These 
mutants were designated as OCIF - CL, OCIF - CC, OCIF - CDD2, OCIF - CDD1, OCIF - CCR4 
and 0CIF-CCR3, respectively. 

Mutagenesis for OCIF-CL was performed by the two-step PCR as described 
in EXAMPLE 22- (i i) . The primer set for the reaction is shown in Table 12. The 
nucleotide sequences of the primers are shown in^EQUENCE N0j23, 40, 55, and 
56. The final PCR products were precipitated with ethanol, dried under vacuum 
and dissolved in 40 /i 1 of sterile distilled water. This DNA solution was 
designatedfaslsolution L. 
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The DNA fragment ^which isj contained in solution L (20 M D was digested 
with restriction enzymes BstP I and EcoR V. A DNA fragment with an approximate 

A. 

size of 100 bp was extracted from a preparative agarose gel (with] QIAEX gel 

extraction' kit and dissolved in 20 /il of sterile distilled water. This DNA 

solution was designatedfasj DNA solution 19. Two raicroliters of DNA solution 

19 3 ul of DNA solution 10 (described in EXAMPLE 22-(ii)) and 5/xl of 

ligation buffer I (ofT^NAligation kit ver. 2 were mixed and ligation reaction 

Sjy&iL L 

was carried out. Competent E. coli A DH5 a cells were transformed with 5/xl 
of the ligation mixture. Ampicillin-resistant transformants were screened for 
a clone containing (a jplasmid DNA. DNA structure was analyzed by restriction 
enzyme mapping and by DNA sequencing. The plasmid thus obtained was named 
pSK-OCIF-CL Mutagenesis of 0CIF cDNA to prepare OCIF-CC, 0CIF-CDD2, 0CIF-CDD1, 

x^rwl fa&d'lOrt 

0CIF-CCR4 and 0CIF-CCR3 was performed by a one-step PCR: ‘ 

PCR reactions for mutagenesis to prepare OCIF-CC, 0CIF-CDD2, 0CIF-CDD1, 

0CIF-CCR4 and 0CIF-CCR3 A 

10X Ex Taq Buffer (Takara Shuzo) 10 M 1 

2. 5 mM solution of dNTPs 8 /x 1 

the plasmid vector containing the entire 0CIF cDNA 
described in EXAMPLE 11 (8ng/ml) 2 

sterile distilled water 
20 /xM solution of primer 0CIF Xho F 
100 /xM solution of primer (for mutagenesis) 


Ml 
73.5 /xl 
5 ii 1 
1 Ml 


Ex Taq (Takara Shuzo) 


0. 5 (i 1 


Table 12 
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mutants 

primer-1 

primer-2 

primer-3 

primer-4 

... 

OCIF-CL 

IF 6 

CL R 

IF 14 

CL F 


Specific primers, were used for each mutagenesis and other components were 
unchanged. 

Primers used for the mutagenesis are shown in Table 13. Their nucleotide 

. ScQ.ra A)a / 

sequences are shown in {SEQUENCE N0jj57~61. The components of each PCR were 
mixed in a microcentrifuge tube and PCR was performed as follows. The 
microcentrifuge tubes were treated for 3 minutes at 97 °C and then incubated 
sequentially, for 30 seconds at 95 °C, 30 seconds at 50 °C and 3 minutes at 
70 °C. This three-step incubation procedure was repeated 25 times, and after 
that, the tubes were incubated for 5 minutes at 70 °C. An aliquot of the 
reaction mixture was removed from each tube and analyzed by ^anjagarose gel 
electrophoresis to confirm the size of each product. 

The size of the PCR products was confirmed on an agarose gel J Excess primers 
in the PCRs were removed using Amicon microcon (Amicon) after completion of 
the reaction. The DNA fragments were precipitated with ethanol, dried under 
vacuum and dissolved in 40 ii 1 of sterile distilled water. The DNA fragment 
in each DNA solution was digested with restriction enzymes Xho I and Bam Hi. 
After the reactions, DNA was precipitated with ethanol, dried under vacuum and 
dissolved in 20 a 1 of sterile distilled water. 

The solutions containing* DNA fragment with the CC deletion, the CDD2 
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deletion, the CDD1 deletion, the CCR4 deletion and the CCR3 deletion were 

designated/as7cc DNA solution, CDD2 DNA solution, CDD1 DNA solution, CCR4 DNA 
* CCR3 

solution and (CC R3] DNA solution, respectively. 

Table 13 


mutants 

primers for the mutagenesis 

OCIF-CC 

CC R 

0CIF-CDD2 

CDD2 R 

0CIF-CDD1 

CDD1 R 

0CIF-CCR4 

CCR4 R 

0CIF-CCR3 

CCR3 R 


(2) Construction of vectors for expressing the OCIF mutants 

pSK-OCIF-CL was digested with restriction enzymes Bam HI and Xho I. The 

Bam Hl-Xho. I DNA fragment containing the entire coding sequence for OCIF-CL 
a iSoltrfeJ a nd 

was [TsolatedandJ dissolved in 20 n 1 of sterile distilled water. This DNA 

solution was designated (asj CL DNA solution. One microliter of pCEP 4 DNA 

solution and 6 n 1 of either[of]CL DNA solution, CC DNA solution, CDD2 DNA 

solution, CDD1 DNA solution, CCR4 DNA solution or CCR3 DNA solution were 

independently mixed with 7 n 1 of ligation buffer I(jofjDNA ligation kit ver. 

Shram . 

2 and ligation reactions were carried out. Competent E. coli A DH5a cells (100 
li 1) were transformed with 7 n 1 of each ligation mixture. Ampicillin-resistant 
transformants were screened for clones containing plasmids which have the 
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desirable mutations in* OCIF cDNA by analyzing the DNA structure. In each 
plasmid, A OCIF cDNA fragment having a deletionTwere^ inserted between the 
recognition sites of Xho I and Bam HI of pCEP 4. The plasmids containing the 
cDNA encoding GCIF-CL, OCIF-CC, 0CIF-CDD1, 0CIF-CDD2, 0CIF-CCR4 and 0CIF-CCR3 
were designated pCEP4-0CIF~CL, pCEP4-0CIF~CC, pCEP4“0CIF-CDD2, 
pCEP4-0CIF-CDDl, pCEP4-0CIF-CCR4 and pCEP4-0CIF-CCR3, respectively. 


, ^ -i i 

iv) Preparation of OCIF mutants with C-terminal (truncation! 

a iru/^Gr ft 0 ^ _ 

(l) Introduction of C-terminal (truncation I to OCIF / . * 

u J A frunccchtdns 

A series of OCIF mutants with C-terminal (truncation/ was prepared. A OCIF 
mutant in which 10 residues (of (from Gin at 371 to Leu at 380 fire? replaced with 
2 


sidues. 


residues \of Leu-Vall was designated OCIF-CBst/ OCIF mutant in which 83 resi 

[[of] from Cys 298 to Leu 380 [ar^ replaced with 3 residues [of Ser-Leu-Asf| was 

designated OCIF-CSph.* OCIF mutant in which 214 residues(ofJfrom Asn 167 to Leu 
.a were a OcJfjYwfajA: 

380 [arel removed was designated OCIF-CBsp.VOCIF muatantj in which 319 residues 

.[of J from Asp 62 to Leu 380 jarej replaced with 2 residues Jof Leu-Valj was 

designated OCIF-CPst. Positions of the amino acid residues are shown in 
- ■ fe<s.xs>dc,-- 

[SEQUENCE NoT|4. 

L- - 1 ,, Utcr c 

Two micrograms each of pSK + -OCIF (was"7 digested with [one of the"! 

A qC- 

^restriction enzymes^ Bst PI, Sph I, PstI (Takara Shuzo)^ andjBsp El (New England 

BiolabsK and! followed by phenol extraction and ethanol precipitation. The 

^ A The et\o/s 

precipitated DNA was dissolved in 10 /i 1 of sterile distilled water. [Endsjof 

a 

the DNAs in 2 /il of each solution were blunted using a DNA blunting kit in A 
* VoluLnn^ - 

final [volumes^of 5 p. 1. To the reaction mixtures, 1 (i g (1 n 1) of an Amber 
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codon-containing Xba I linker (5 # -CTAGTCTAGACTAG-3* ) and 6 \i 1 of ligation 


a hi 


buffer I 


(offDNA li 


ligation kit ver. 2 were added. 


After the ligation reactions, 6 p. 1 each of the reaction mixtures was used 
to transform E. coli DH5a. Ampicillin-resistant transformants were screened 
for clones containing plasmids. DNA structure was analyzed by restriction 
enzyme mapping and by DNA sequencing. The plasmids thus obtained were named 
pSK-OCIF-CBst, pSK-OCIF-CSph, pSK-OCIF-CBsp and pSK-OCIF-CPst, respectively. 
(2) Construction of vectors (for] expressi /^the OCIF mutants 


SiC-OCLF- 


pSK-OCIF-CBst, JpSK-OCIF- CSpjj, pSK-OCIF-CBsfr and pSK-OCIF-CPst were 
digested with restriction enzymes Bam HI and Xho I. The 1.5 kb{j>fjDNA fragment 

■fhS^ 

containing A entire coding sequence for each OCIF mutant was isolated and 

dissolved in 20 ul of sterile distilled water. These DNA solutions that ,/ /vrr^ , 
\mA * pSK-OCJf^Sph, 


{contain^ the Bam Hl-Xhol fragment derived from pSK-OCIF-CBst, ^pSK-OCIF- CSpfl 
pSK-OCIF-CBsp [andj pSK-OCIF-CPst were designated (asJCBst DNA solution, CSph DNA 
solution, CBsp DNA solution and CPst DNA solution, respectively. One 
microliter of pCEP 4 DNA solution (described in EXAMPLE 22— i i) ) and 6 jul of 
either CBst DNA solution, CSph DNA solution, CBsp DNA solution or CPst DNA 

i - torn 

solution were independently mixed with 7 /il of ligation buffer I foflDNA 

u 

ligation kit ver. 2 and 0 ligation reactions were carried out. Competent E. 
r£j£- 

coli A DH5a cells (100 1) were transformed with 7 /zl of each ligation 

mixture. Ampicillin-resistant transformants were screened for clones containing 


to 


, U'AS 


plasmids in which*cDNA fragment^. ^inserted between the recognition sites of 
Bam HI and Xho I of pCEP 4 by analyzing the DNA structure. The plasmids 

A 6J2- 

containing the cDNA encoding OCIF-CBst, OCIF-CSph, OCIF-CBsp(and[ OCIF-CPst 
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were designated [asj pCEP4-0CIF-CBst, pCEP4~0CIF- CSph, pCEP4-0CIF-CBsp and 

pCEP4-0CIF-CPst, respectively. 

PrcgiLraM o £1 . 

v) (Preparation^ of vectors for expressing the OCIF mutants ^ 

E. coli clones harboring the expression vectors for OCIF mutants (total of 21 

clones) were grown and the vectors were purified by* QIAGEN (column^ (QIAGEN) . 

All the expression vectors were precipitated with ethanol and dissolved in 

appropriate .volumes of sterile distilled water and used for further 
A rnani pula-btoQJ - 
Jjnanipupationsjf shown below. 

vi) Transient expression of the cDNAs for 0CIF / mutants and biological 
activities of the mutants 

OCIF mutants were produced using the expression vectors prepared in EXAMPLE 

22-v). The method was essentially the same as described in EXAMPLE 13. Only 

the modified points are described below. ^A 24-well plate was used for the DNAj 

^transfectionTj 2X10 5 cells of 293/EBNA suspended ^in^IMDI^ containing 10% fetal 

bovine serum were seeded into each well of£th^ plate. One microgram of 

purified vector DNA and 4 m 1 of lipofectaraine were used for each 
4 A {nix -pur < -Ph $ 

transfection. Ulixture of anj expression vector and lipofectamine in OPTI-MEM 
(GIBCO BRL) in a final volume of 0.5 ml was added to the cellsJn a well. After 

a 5% 

the cells were incubated at 37°C for 24 hr in {a C0 2 incubato^, the medium was 

replaced with 0.5 ml of Ex-cell 301 medium (JSR). The cells were incubated 

, Sjo 

the C0 2 incubato^. The conditioned medium was 


at 37 


’C for [48 morel hours in (the 

^ O-SSCL p 

collected and used/for assay/ for in vitro biological activity. The nucleotide 
U ^ A SE&JQijfe- 

sequences of cDNAs for the OCIF mutants are shown in (SEQUENCE N0^p3~103. The . 

^ A . Z£) AJoS. 

i- 

deduced amino acid sequences for the OCIF mutants are shown inISEQUENCE NO: 
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62-82. The assay for in vitro biological activity was performed as described 

„ 7 

in EXAMPLE 13. (j\ntigeiQ concentration of each conditioned medium was 
determined by ELISA as described in EXAMPLE 24. Table 14 shows fspecificj'' 
activity of’^the mutantsj relative to that of the unaltered OCIF. 

Table 14 


mutants 

activity 

the unaltered OIF 

+ + 

/ 

0CIF-C19S 

+ 

0CIF-C20S 

± 

0CIF-C21S 

± 

0CIF-C22S 

+ 

0CIF-C23S 

+ + 

0CIF-DCR1 

± 

0CIF-DCR2 

± 

0CIF-DCR3 

± 

0CIF-DCR4 

± 

0CIF-DDD1 

+ 

0CIF-DDD2 

± 

OCIF-CL 

+ + 

OCIF-CC 

+ + 

0CIF-CDD2 

+ + 

0CIF-CDD1 

+ 

0CIF-CCR4 

± 

0CIF-CCR3 

± 

OCIF-CBst 

+ + 
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OCIF-CSph 

OCIF-CBsp 

OCIF-CPst 


+ + 


++ indicates relative activity more than 50% of that of the unaltered 0CIFJ_ 

+ indicates relative activity between 10% and 50% ± indicates relative^ 
activity less than 10%, or production level too low to determine the accurate 
biological activity - 




vii) (western^ blot analysis 


Ten microliters of the final conditioned medium was used for western blot 


analysis. Ten microliters of [theT sample were mixed with 10 p 1 of SDS-PAGE / 

sample buffer (0.5 M Tris-HCl, 20% glycerol, 4% SDS, 20 p g/ml jbromo' phenoll 

blue, pH 6. 8) ; boiled for 3 min. and subjected to (ajl0 % SDS^olyacryl araidej^ 

gel electrophoresis under non-reducing conditions. After the electrophoresis, 

the separated proteins were blotted to PVDF membrane (ProBlott* 1 , Perkin Elmer) 

using a semi-dry electroblotter (BIO-RAD). The membrane was incubated at 37°C 
4 p csv x\d qjgkl b& W 

with horseradish peroxidase labeledJanti-OCIF antibodies for 2 hr. After the 

membrane was washed, protein bands which react with the labeled antibodies 
oj L 

were detected usingAECL system (Amersham). Two protein bands with approximate 
molecular masses of 60kD and 120kD were detected for the unaltered 0CIF. On 
the other hand, almost exclusively 60kD protein band was detected for/* 

[fvi u-t'dLA'Ls 

0CIF-C23S, 0CIF-CL and 0CIF C£ Protein bands with Qmjapproximate masses of 
40kD-50kD and 30kD-40kD were the major ones for 0CIF-CDD2 and 0CIF-CDD1, 
respectively. These results indicate that Cys at 379. is responsible for the 
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dimer formation, both the monomers and the dimers maintain the biological 

activity and a deletion of residues from Asp at 177 to Leu at 380 does not 

4 resjdu gr arz 

abolish the biological activity of OCIF (positions of the amino acid (resarej 
shown in gEQUENCE NOj 4). 


73 


i 



EXAMPLE 23 


Isolation of human genomic OCIF gene 

i) Screening of a human genomic library 

An amplified human placenta genomic library in Lambda FIX II vector 
a C ) 

^purchased from oTRATAGENEj was screened for the gene encoding human OCIF using 

the human OCIF cDNA as a probe. Essentially, screening was done according 

to the instruction manual supplied with the genomic library. The basic 

, . tocrc G i 

protocols described in Molecular Cloning: A LabPratorv Manual jalso werej 
employed to manipulate phage, E. coli, and DNA . 

The library was titered, and 1x10® pfu. of phage was mixed with XLl-Blue 

A Pn-tO_ 

MRA host E. coli cells and plated ^onj20 plates (9 cm x 13 cm) with 9 ml per 

plate of top agarose. The plates were incubated overnight at 37^. Filter 

plaque lifts were prepared using Hybond-N nylon membranes (Amersham). The 

membranes were processed by denaturation in a solution containing 1.5 M NaCl 

and 0. 5 M NaOH for 1 minute at room temperature. The membranes were then 

A e ack 

neutralized by placing Successively for one minute each! in 1 M Tris-HCl r ( 

U 

(pH7. 5) and a solution containing 1.5 H NaCl and 0. 5 M Tris-HCl (pH 7. 5 Y. The 

a u^±±CjL- 

membranes were then transferred onto a filter paper ^effwith 2xSSC. Phage 

*onlo A \j$t r\<\ ^ 

DNA was fixedTonJ^the” membranes with 1200 fi Joules of UV energy (inf STRATAL INKER 


UV crosslinker 2400 (STRATAGENE) and the membranes were air dried. The 
membranes were immersed in Rapid Hybridization buffer (Amersham) and incubated 
for one hour at 65 X) before hybridization with 32 P-labeled cDNA probe in the 
same buffer overnight at 65X). Screening probe was prepared by labeling the 
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OCIF cDNA with 32 P using the Megaprime DMA labeling system (Amersham). 

Approximately, 5xlO s cpm probe was used for each ml of hybridization buffer. 

After the hybridization, the membranes were rinsed in 2xSSC for five minutes 

at room temperature. The membranes were then washed four times, 20 minutes 

each time, in 0. 5xSSC. containing 0. 1 % SDS at 65 Xs. After the final wash, 

the membranes were dried and subjected to autoradiography at -80 *C with SUPER 

HR-H X-ray film (FUJI |PF0T0j FILM Co., Ltd.) and an intensifying screen. Upon 

examination of the autoradiograms, six positive signals were detected. Agar 

plugs were picked from the regions corresponded 1 6 these signals, for phage 

purification. Each agar plug was soaked overnight in 0.5 ml of SM buffer 

containing 1% chloroform to extract phage. Each extract containing .phage was 

di luted 1000 fold with SM buffer and an aliquot of (l ml or 20 mil was mixed 

sente * 

with host E. coli described above. The mixture was plated (onjagar plates with 
top agarose as described above. The plates were incubated overnight at 37 °C, 
and filter lifts were prepared, prehybridized, hybridized, washed and 
autoradiographed as described above. This process of phage purification was 
applied to all six positive signals initially detected on the autoradiograms 
and was repeated until all phage plaques on agar plates hybridize with the cDNA 
probe. After purification, agar plugs of each phage isolate were soaked in 
SM buffer containing 1% chloroform and stored at 4 °C. Six individual phage 
isolates were designated A.0IF3, A0IF8, J.0IF9, T.0IF11, A.0IF12 and A.0IF17, 
respectively. 


ii) Analysis of the genomic clones by 
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Southern blot hybridization 

DNA was prepared from each phage isolate by the plate lysate method as 
described in Molecular Cloning: A Laboratory Manual . DNA prepared from each 
phage was digested with restriction enzymes and the fragments derived from the 
digestion were separated on agarose gels. The fragments were then transferred 
to nylon membranes and subjected to Southern blot hybridization using OCIF 
cDNA as a probe. The. results of the analysis revealed that the six phage 

isolates are individual clones. Among these fragments derived from [the] 

/ 

restriction enzyme digestion, those fragments which hybridized with the OCIF 
cDNA probe were subcloned into plasmid vectors and subjected to^thej nucleotide 
sequence analysis as described below. 


iii) Subcloning restriction fragments derived from genomic clones into plasmid 
vectors and [determination of the[ nucleotide sequence. 

X0IF8 DNA was digested with restriction enzymes EcoRI and NotP,-i and the 
DNA fragments derived [these fromjwere separated on a 0.7% agarose gel. The 
5.8 kilobase [pairs/ (kb), EcoRI/Notl fragment was extracted from the gel using a 
QIAEX II Gel Extraction Kit (QIAGEN) according to the procedure recommended 
by the manufacturer. The 5.8 kb EcoRI/Notl fragment was ligated with 
pBluescript II SK+ vector (STRATAGENE)* which had been linearized with 
restriction enzymes EcoRI and Notl, using Ready-To-Go T4 DNA Ligase (Pharmacia) 
according to the procedure recommended by the manufacturer. Competent DH5 a 
E. coli cells (Amersham) were transformed with the recombinant plasmid and 
transformants were selected on L-plates containing 50 ng/m\ of ampicillin. 



A clone harboring the recombinant plasmid containing the 5. 8 kb EcoRI/Notl 

fragment was isolated and this plasmid was termed pBSG8~5. 8. pBSG8-5. 8 was 

ft 

digested with Hindlll and'o^ kb^DNA fragment derived from this digestion 
was isolated in the same manner as described above. This 0.9 kb fragment was 

*mts- 

then cloned[in\pBluescript II SK- at the Hindlll site as described above. This 

recombinant plasmid containing 0.9 kb Hindlll fragment was denoted pBS8H0.9. 

/L0IF11 DNA was digested with EcoRI and 6 kb, 3.6 kb, 2.6 kb EcoRI 

fragments were isolated in. the same manner as described above and cloned ^ln^ — - 

/ \ 

pBluescript II SK+ vector at the EcoRI site as described above. These 

recombinant plasmids were termed pBSGll-6, pBSGll _ 3. 6, and pBSGll 2.6, 

„ S emraied 

respectively. pBSGll-6 was digested with Hindlll and the digest was (applied] 
on a 0 7 % agarose gel. Three fragments, 2.2 kb, 1.1 kb, and 1.05 kb in 

<u aia 

length, were extracted from the gel and cloned independently £in| pBluescript 
II SK- vector at the Hindlll site in the same manner as^ descjribed above. These 
recombinant plasmids were termed pBS6H2. 2, £pBS6 Hl.fj and pBS6Hl. 05, 
respectively. # 

A 

The nucleotide sequence of the cloned genomic DNA was determined using ABI 

5, 

Dyedeoxy Terminator Cycle Sequencing Ready Reaction Kit (PERKIN ELMER) and 

373A DNA Sequencing system (Applied Biosystems). Plasmids pBSG8~5. 8, 

pBS8H0. 9, pBSGll-6, pBSGll-3. 6, pBSGll-2. 6, pBS6H2. 2, pBS6Hl. 1 and pBS6Hl. 05 

were prepared according to the alkaline — SDS procedure as described in 

Molecular Cloning : A Laboratory Manual and used as templates for 03 « 

n~ Tbt. 

sequence analysis. (Nucleotide sequence of the human 0CIF gene JwasTpresented 

* ggra JbAjo._ 

in Sequence 104 andjSequence Noj 105. The nucleotide sequence of the DNA, 
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between exon , and exon 2 - not entire!, deterged. There in asgt^o, 
approximate!, JL7 hb f,f nucleotidegbetween the sequences given in g^ncj No. 

104 and fsequencel No. 105. 


EXAMPLE 24 

Quantitation of OCIF by El A 
i) Preparation of anti-OCIF antibody 

Male J. rabbits (Kita,ama 1ABES Co. . LTD) weighing 2. 5-3.0 hg were used 

^nization for preparing antisera. £hree male J. rabbits (Kita^ 

^ , , r , n u were used for immunization^ For 

\LABES Co., LTD) weighing 2.5 3.0 kg were - 1 

immunization,' Vision was prepared by mixing an equal volume of r0^(200 

n g/ml) and complete Preund' s adiuvant (Difco, Cat. 0638-50-7). 

.ere i-nized subcutaneous!, six times at©,e interval o^ one eeeh'.rth 1 ml 

of emulsion per injection. £he rabbits mere injected six times at the intervalj 

Cf seven da,s subcutaneous!,) **“- *“ ^ ^ 

final immunization and serum was feparatg^Tntibod, was purified from serum 

as follows. Antiserum was diluted two-MdwWJ®- After adding ammonium 
sulfate at a final concentration of£o wtfifZSSn. was allowed to stand 
at d t for 1 hr.[ P^cfetfSfsSned h, centrifugation at 8000 X g for 20 
min was dissolved in a small volume of PBS and was dialled against PBS. The 
treira^tion was loaded onto a Protein G-Sepharose col™n (Pharmacia). 

After washing with PBS, absorbed i^u n°globuHn * lth °' ‘ “ 

glycine-HCL buffer (pH 3.0). ^Elut^er) neTtrali^ith 1.5 M Tns-liCL 
buffer (PH 8.7) fc-dLUl, and^ dialled against PBS. Protein 
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concentration was determined by absorbance at 280nra (E l * 13.5). 

ptro rt 4 c^e- labe led-- A 

Horseradish [peroxidase labeled} antibody was prepared using ImmunoPure 
Maleimide Activated Horseradish Peroxidase Kit (Pierce, Cat. 31494). Briefly, 
one mg of IgG was incubated with 80 ug of N-succiniraidyl-S-acetylthioacetate 
for 30 min. After, deacetylation with 5 mg of hydroxylaraine HC1, ^modified IgG 
was ^epafStiT^^y aj^lgide de salting column. \Proteinjpooj[ mixed with one 
mg of [maleimide activated} horseradish peroxidase [waf] incubated at room 
temperature for 1 hr. 


ii) Quantitation of OCIF by sandwich EIA 

Microtiter plates (Nunc MaxiSorp Immunoplate) were coated with 

rabbit anti-OCIF IgG by incubating 0.2 ug in 100 ul of 50 mM sodium 

bicarbonate buffer pH 9.6 at (4Cj overnight. After blocking the plates by 

incubating for 1 hour at 37°C with 300 ul of 25% BlockAce/PBS (Snow Brand Milk 

Products ), lOOul [of|samples were incubated for 2 hours at room temperature. 

After washing the plates three times with PM (fK contwmng 0.05)4 Tween20). 

100 ul of 1:10000 diluted horseradishfperoxidase labeled] anti-OCIF IgG was 

^ 4^rr)PergiuS ^- 

added and incubated for 2 hours at room [temperturefThe amount of OCIF was 

determined by incubation with 100 ul of a substrate solution (TMB, ScyTek 

Lab. , Cat. TM4999) and measurement of the absorbance at 450 nra using an 

ImmunoReader (Nunc NJ2000). Purified recombinant OCIF was used as a standard 

A SjAncUS* L 

protein and a typical |^s tandaredj curve^wa£| shown in Fig. 13. 


EXAMPLE 25 
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Anti-OCIF monoclonal antibody 

i) Preparation of hybridoma producing anti-OCIF monoclonal antibody. 

QCIF was purified to homogeneity from culture medium of human fibroblasts, 
ce[ (J. j Fxasnp!<- 

IMR-90 by the purification method described in (EampleJ 11. Purified OCIF was 
dissolved in PBS at a concentration of 10 p g/100 p 1. BALB/c mice were 

a Q.drr>j mi-fcslri ^ 

immunized by [administrating^ this solution intraperitoneally three times every 
two weeks. In the first and the second immunizations, the emulsion* composed 


of an equal volume of OCIF and Freund's complete adjuvant {was administered 

A rniAltOlIZZtf/O/O- ^ rs^nurJ <Ln A 

Three days after the final [administrating the' spleen was (taken outT( 

lymphocytes [werej isolated and fused with mouse myeloma p3x63-Ag8. 653 cells 

^ QiAltJLtri-ltXAA. L 

according to [the conventinal methodl using polyethyleneglycol. Then the fused 
cells were cultured in HAT medium to select [hybridoi^. (Subsequently, to check! 

* pr^/’nde £± 

Jwhether the selected hybridomas produce anti-OCIF antibody^ anti-OCIF antibody 

* — a 4h<t a. f2^_knj[6jryc L -* 

in jeachj culture medium of jhybridomagf was determined by solid phase ELISAfwhich K 

'a ofjt. a l c /, A < Co6±£sL . 

jjvas prepared by coating each well (in| 96-well (TmraunoplateS (Nunc)^with 100^1 

of purified OCIF (10/xg/ml in 0. 1 M NaHC0 3 ) andjby blocking each wel^ with 50% 


BlockAce (Snow Brand Milk Products Co. Ltd.). The hybridoma clones secreting 

by li/Tuj- di lu.j~lo n c/cm 3'S J-i i 

anti-OCIF antibody were established by cloning 3-5 times by limit dilution? 

L / SctC€n,nj. --i 

and by gcreening using the abovel solid phase ELISA| Among thus obtained^ 
^ , S<titrul h^2do£n^_ clones prvZ[uc[^ high 

jhybridoma clones, several hybridoma clones with high production of anti-OCIF^ 


antibody were selected. 


ii) Production of anti-OCIF monoclonal antibodies. 


Each hybridoma clone secreting anti-OCIF antibod^ which wasj obtained in 
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EXAMPLE 25-ijr,'| was transplanted intraperitoneally [to] mice given Pnstane 
(Aldrich), at a cell density of 1 * ^ 

was collected 10 - 14 days after\the transplantation and the ascites containing] 
anti-OCIF specific. monoclonal antibody of the present invention(was obtainej 
Purified antibodies were obtained by Affigel protein A Sepharose 

chromatography (BioRad) according to the[maufacturer’3 manual. (That ij the 
n * J CLrt 

ascites* was"~ diluted with'equal volume of a binding buffer (BioRad) and applied 
to* protein A column. The column was washed with a' sufficient volume of [the] 
binding buffer and eluted with ,an elution buffer (BioRad). After 
neutralizing, the fobtaiued elyat^ ~ 

lyophilized. The purity of the (obtained antibo^ was analyzed by SDS/PAGE and 
a homogenous band with a molecular weight of about 150, 000 was detected. 

a *£ A fer- 

iii) Selection of monoclonal (antibody] having high affinity [to] OCIF 

Each antibody obtained in EXAMPLE 25-ii) was dissolved in PBS and the 

[Concentration" solution) was determined by the method of 

L ' Ujgs dnuj^d J2 

Lowry. Each antibody solution(witH]the same concentration^ prepared) and 
then serially diluted with PBS. Monoclonal antibodies, which can recognize 
OCIF even at highly (dilutidlolutiojj, ^ere selected by solid phase ELISA 
described in EXAMPLE 25-ii). Thus, three monoclonal antibodies A1G5, E3H8 and 

JXJ. 

D2F4[can be[ selected. 


iv) Determination of class and subclass of antibodies 
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The class and subclass of the antibodies of the present invention 
obtained in EXAMPLE 25-iii) were analyzed using an immunoglobulin class and 
subclass analysis kit (Amersham). The procedure was carried out according to 

a K» + 

the (protocol disclS^d" in thl directions. The results fer^shown in Table 15. 

A T 

The antibodies of the present invention, E3H8, A1G5 and D2F4 belong to IgG,, 
IgG^ and IgG 2b , respectively. 

Table 15 

Analysis of class and subclass of the antibodies[in]the present invention. 


Antibody 

IgG, 

IgG^ 

/ 

IgG 2b IgG a IgA IgM 

K 

A1G5 

— 

+ 

— — — ~ 

+ 

E3H8 

+ 

— 

— — — _ 

+ 

D2F4 

— 

— 

+ - - - 

+ 


v) ^Determinationj of OCIF by ELISA 

Three kinds of monoclonal antibodies, A1G5, E3H8 and D2F4T" which werej 

obtained in EXAMPLE [25-ivJ, were used as solid phase antibodies and 

enzyme-labeled antibodies, respectively. Sandwich ELISA was constructed by 

^each combination! of solid phase antibody and labeled antibody The labeled 

- qn_ a Mg I o g " 

antibody was prepared using* Immuno Pure jMaleimide Activated^ Horseradish 

Peroxidase Kit (Pierce, Cat. No. 31494). Each monoclonal antibody was 
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dissolved in 0. 1 M NaHCO, at a concentration of 10 p g/ral, and 100 p 1 of the 

solution was added to each we Ilf ini 96-well inununoplateg^CNunc, MaxiSorp Cat. 

No. 442404) followed by allowing*to stand at room temperature overnight. 

ao£ 

Subsequently, each well [in[ the plates was blocked with 50% Blockace (Snow 
Brand Milk Products, Co., Ltd.) at room temperature for 50 minutes, and (then] 
fjwras] washed three times with PBS containing 0.1% Tween 20 (washing buffer). 


A series of concentrations of 0CIF, 

A 



prepared by diluting 0CIF with 1st 


reaction buffer (0.2 M Tris-HCl[bufeA pH 7.4, containing 40% Blockace and 
0.1% Tween 20). Each well(it^ 96-well [lmmunoplatei^'was filled with 100 /z 1 of 
the prepared 0CIF solution with each concentration, allowed to stand at 37 “C 
for 3 hours, and subsequently washed three times with[thej washing buffer. £Vor[j 
[dilution of POD-labeled antibody, 2nd reaction buffer (0. 1 M Tris-HCl bufferTA 

J: n 2^ 

[pH 7.4, containing 25% Blockace and 0.1% Tween 20) was used, a POD-labeled. n 4 

L /o., *4, > - He I 


antibody was diluted 400-fold with 2nd reaction buffer, and 100 p 1 of the 

, i pi 


I f£ 


-&r% 


diluted solution was added to each well[j.nj the immunoplates. Eachfimunoplatej T^tcn 
was allowed to stand at 37 °c£]for 2 hours, and subsequently washed three 
times withfthe^ washing buffer. After washing, 100 p 1 of a substrate solution 
(0.1 M citrate-phosphate buffer, pH 4.5, containing 0.4 mg/ml of 

r: 

o-pheny lenediamine HC1 and 0.006% H 2 0 2 ) was added to each wellj^inJ the 
immunoplates and the immunoplates [werej incubated at 37°C for 15 min. The 
enzyme reaction was terminated by adding 50 /i 1 of 6 N HjSO^ to each well. The 
optical density of each well was determined at 492 nm using an immunoreader 
(ImmunoReader NJ 2000, Nunc)., r 

Using threejjunds o^ monoclonal ^antibody injthe present invention, each 


83 


i 



combination of solid phase and POD-labeled antibodies leads to[Vjaccurate 

Conc<r\lra+>oio_ a co- 

determination of OCltf Each monoclonal antibody (in\ the present invention was 

confirmed to recognize a different epitope of OCIF. A typical standard curve 

of OCIF using a combination of solid phase antibody, A1G5 ; and POD-labeled 

antibody, E3H8 {was\ shown in Fig. 14. 


vi) Determination of OCIF in human serum 

a ~? be CjWK. <?trV ral too 

{^Concentration^ of OCIF in five samples of normal human serum was 
determined using an EIA system described in EXAMPLE 25-v). The immunoplates 

were coated with A1G5 as described in EXAMPLE 25-v), and 50 /z 1 of 1st. reaction 

/vcfL 

buffer was added to each well Qn] the immunoplates. Subsequently, 50 /z 1 of 

each human serum was added to each well[in[the (immunoplatej. The immnuoplates 

were incubated at 37°C for 3 hours andQhen{ washed three times with^the] washing 

A 

buffer. After washing, each wellfihltKe immunoplates was filled with 100pl 

U 0 

of P0D-E3H8 antibody diluted 400-fold with 2nd. reaction buffer and incubated 
at 37°C for 2 hours. After washing the immunoplates three times with^thejj 
washing buffer, 100 /z 1 of the substrate solution described in EXAMPLE 25-v) 
was added to each well and incubated at 37“C for 15 min. The enzyme reaction^ 

A 

was terminated by adding 50 /z 1 of 6 N H 2 S0 4 to each well (j.n] the 
immunoplates. The optical density of each well was determined at 492 nm using 
an immunoreader (ImmunoReader NJ 2000, Nunc). 

1st. reaction buffer containing the known amount of OCIF was treated in the 
same way and a standard curve of OCIF as shown in fig. 2 was obtained. Using 
the standard curve of OCIF, the amount of OCIF in human serum (sjamplefj was 
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determined. The results were shown in Table 14. 
Table 14 

The amount of OCIF in normal human serum 


Serum Sample 

OCIF Concentration (ng/ral) 

1 

5. 

0 

2 

2. 

0 

3 

1 . 

0 

4 

3 . 

0 

5 

1 . 

5 


EXAMPLE 26 

Therapeutic effect on osteoporosis 


(1) Method | \p 

jjlale[ Fischer rat^I 6 weeks-old^ were subjected to denervation of left 

forelimb. These rats were assigned to four groups (10 rats/group) and treated 

as follows ; group A, sham operated rats without administration ; group B, 

vdK»c\< adrrumS'Ve.rej 

denervated rats with [Intravenous administration of vehiclel ; group C, 

denervated rats [administered OCIFl intravenously at a dose of 5 n g/kg twice 
u " A to.-Hn oczP 


a day ; group D, denervated rats [administered OCIFj intravenously at a dose of 
50 iz g/kg twice a day. After denervation, OCIF was administered daily for 14 
days. After 2 weeks treatment, the animals were sacrificed and their 
forelimbs were dissected. Thereafter bones were tested for mechanical 
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strength. 


(2) Results 

. K d*cr col±<- *>2 


GonWbl CkrunxaX^ 


^Decrease of( bone strength was observed in|the animals of control groupj^j 

as compared to those animals of the normal groups while bone strength was 
a S*£=£- /« 

increase in the^groups^of Janimafj received 50 mg of OCIF per kg body weight. 


Industrial availability 

The present invention provides both a novel protein which inhibits A 

an, / ^bdacjsiS— 

formation of osteoclasts and faf efficient procedure (to product the protein. 

r 't 

The protein of the present invention! has an activity to inhibit! formation of 




osteoclasts. The protein will be useful for the treatment of many diseases 

. nccemOCLn ic j to^ „ Jd prtLpaS'- rfot, 


^accompanying bone loss, such as osteoporosis, and as an antigenjjto be used| for 
the immunological diagnosis of such diseases. 

Referring to the deposited the(microorgainsmj A - 1 * 
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Abstract 


A protein which inhibits osteoclast differentiation and/or 
maturation and a method of production of the protein. The protein is produced 
by human embryonic lung fibroblasts and has molecular weight of about 60 kD 
and about 120 kD under non-reducing conditions and about 60 kD under reducing 
conditions on SDS-polyacrylamide gel electrophoresis, respectively. 

The protein can be isolated and purified from culture medium of the said 
fibroblasts. Furthermore, the protein can be produced by gene engineering. 

The present invention includes cDNA for producing the protein by gene 
engineering, antibodies having specific affinity to the protein or a method 
for determination of the protein concentration using the antibodies. 
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